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ABSTRACT
Elec t ron  m ic ro sco p y  of T v len c h o rh y n c h u s  m a r t i n i , swarm ing  an d  
nonsw arm ing  s p e c i m e n s ,  and  M elo id o g y n e  h a p l a ,  a d u l t  f e m a le s  an d  
s e c o n d  s t a g e  l a r v a e ,  r e v e a l e d  t h a t  t h e  c u t i c l e  o f  t h e s e  n e m a t o d e s  i s  
n o n c e l l u l a r  and  m u l t i l ay e red ;  c o n s i s t i n g  of t h r e e  main  l a y e r s :  c o r t e x ,  
matr ix  and  a f ibe r  l a y e r .
S e v e n  c u t i c u l a r  l a y e r s  o b s e r v e d  in  T . m ar t in i  w e r e :  e x t e r n a l  
c o r t e x ,  i n t e r n a l  c o r t e x ,  f i r s t  b ounda ry  l a y e r ,  m a t r ix ,  s e c o n d  b ounda ry  
l a y e r ,  f ibe r  and  t h i r d  b o unda ry  l a y e r .  The c u t i c l e  r a n g e d  in  t h i c k n e s s  
from 0 .7 5  u t o  1 .0  u ,  e x c e p t  in  th e  l a t e r a l  f i e ld s  w h e re  i t  w a s  abou t  
tw o - f o l d  t h i c k e r .  Four i n c i s u r e s  a p p e a r e d  in  e a c h  of t h e  two l a t e r a l  
f i e l d s ,  e x c e p t  in  t h e  an te r io r  an d  p o s t e r io r  r e g io n s  w h e r e  t h e r e  w e r e  
tw o or  t h r e e  i n c i s u r e s  .
M o rp h o lo g ic a l  d i f f e r e n c e s  b e t w e e n  t h e  c u t i c l e  of swarm ing  and  
nonsw arm ing  s p e c i m e n s  of T_„ m ar t in i  a p p e a r e d  in  swarm ing  s p e c im e n s  
a s  m o d i f i ca t io n s  in  som e  l a y e r s  of t h e  c u t i c l e .  T h e s e  c h a n g e s  
p robab ly  s t a r t e d  a t  t h e  e d g e s  of t h e  i n t e r s t r i a l  r e g io n s  a s  s w e l l i n g s  
in  t h e  e x t e r n a l  c o r t e x  and  a s  a  s e p a r a t i o n  of t h e  tw o  c o r t i c a l  l a y e r s  
from e a c h  o th e r  b e c a u s e  in  l a t e r  s t a g e s  t h e y  e x t e n d e d  th ro u g h o u t  t h e  
i n t e r s t r i a l  r e g i o n s .  Some s p e c i m e n s  e x h ib i t e d  a b n o rm a l ly  b r igh t  l igh t  
co lo re d  s p o t s  in  t h e  m at r ix  an d  f ib e r  l a y e r s  in  a d d i t i o n  to  t h e  c o r t i c a l
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c h a n g e s .  S e c t io n s  of nonsw arm ing  s p e c i m e n s  of T. m ar t in i  s h o w e d  no 
c h a n g e s  in  t h e  c u t i c u l a r  l a y e r s  an d  t h e  c u t i c l e  a p p e a r e d  i n t a c t .
E lec t ron  m ic ro g rap h s  of M_. h a p la  a d u l t  f e m a le s  s h o w e d  t h e  c u t i c l e  
to  c o n s i s t  o f  four main  l a y e r s :  c o r t e x ,  m a t r ix ,  f ibe r  an d  a  b a s a l  l a y e r .  
Three  c o r t i c a l  l a y e r s  d i s t i n g u i s h e d ,  p a r t i c u l a r ly  in  t h e  a n t e r io r  s t r i a t e d  
p o r t ion  of t h e  body  w e r e :  d e n s e  e x t e r n a l  l a y e r ,  l ig h t  m e d ia n  l a y e r ,  and  
d e n s e  i n n e r  l a y e r .  Each c o r t i c a l  l a y e r  w a s  ab o u t  30 mu t h i c k  and  
to g e th e r  t h e y  a p p e a r e d  a s  a t r i p l e - l a y e r e d  un i t  m e m b ra n e .  The f ibe r  
l a y e r  w a s  t h e  t h i c k e s t  l a y e r  of t h e  c u t i c l e  and  w a s  no t  s e p a r a t e d  from 
o th e r  l a y e r s  by  b o u n d a r i e s .  It c o n s i s t e d  of t h r e e  f ib e r  z o n e s ,  e s p e c i a l l y  
in  t h e  p o s t e r i o r  r e g io n  o f  t h e  b o d y .  The c u t i c l e  r a n g e d  in  t h i c k n e s s  
from 2 .2 u a n te r io r ly  to  3 . 4  u in  t h e  p o s t e r i o r  r e g io n s  .
The c u t i c l e  of t h e  s e c o n d  s t a g e  l a rv a  of  M .  h a p l a  w a s  ab o u t  1 .6  u 
t h i c k  and  c o n s i s t e d  of  th r e e  m ain  l a y e r s :  t h e  c o r t e x ,  m a t r ix  a n d  a  f ibe r  
l a y e r .  The c o r t e x  h a d  a n  e l e c t r o n - d e n s e  s t r u c t u r e  a n d  w a s  d e e p ly  
s t r i a t e d .  B enea th  t h e  c o r t e x  w a s  a n  e l e c t r o n - t r a n s p a r e n t  l a y e r ,  th e  
m a t r ix ,  w h ic h  w a s  d i s s e c t e d  by  t h e  s t r i a e  of t h e  c o r t e x .  The fiber 
l a y e r  b e n e a t h  t h e  matr ix  s h o w e d  tw o  z o n e s :  a n  o u te r  z o n e  w h ic h  
a p p e a r e d  in  l o n g i tu d in a l  s e c t i o n s  a s  a  p a l i s a d e - l i k e  a r ra y  of d e n s e  
s t r u c tu r e s  and  a n  in n e r  z o n e  c o n ta in in g  s i x  da rk  b a n d s  s e p a r a t e d  from 
e ac h  o th e r  by  l i g h t - c o l o r e d  a r e a s .  C u t i c u l a r  t h i c k e n i n g  of t h e  
e s o p h a g e a l  lum en  w a l l  w a s  e v id e n t  an d  in  a d d i t i o n  t h e r e  w a s  a  pa i r
v ii i
of t o o t h - l i k e  c u t i c u l a r  t h i c k e n i n g s  a long  bo th  s i d e s  of e a c h  lum en  r a d i u s -  
The c u t i c u l a r  t h i c k e n i n g  w a s  c o m p o s e d  of in d iv id u a l  p l a t e l e t s  a r r a n g ed  in 
lo n g i tu d in a l  r o w s , w h ic h  a p p e a r e d  in  som e  s e c t i o n s  p a r a l l e l  to  e a c h  
o th e r  an d  in  o th e r  s e c t i o n s  c r o s s i n g  e a c h  o the r  forming s c i s s o r - s h a p e d  
s t r u c t u r e s .
ix
INTRODUCTION
N e m a to d e s  a re  a  sh a rp ly  d i f f e r e n t i a t e d  group of i n v e r t e b r a t e s .
They c o n s t i t u t e  one  o f  t h e  most  im por tan t  g roups  o f  o r g a n i s m s  w h ic h  
in h a b i t  t h e  s o i l .  An im por tan t  pa r t  of th e  n e m a to d e  body  i s  th e  c u t i c l e ,  
w h ic h  i s  t o u g h ,  f l e x i b l e ,  and  n o n c e l l u l a r .
The n e m a to d e  c u t i c l e  a c t s  not on ly  a s  t h e  bo u n d a ry  b e t w e e n  th e  
a n im a l  and  i t s  env i ronm en t  but a l s o  a s  a pa r t  o f  t h e  h y d r o s t a t i c  s k e l e t a l  
s y s t e m  on  w h ic h  many of t h e  c h a r a c t e r s  c o n s i d e r e d  d i a g n o s t i c  of th e  
N e m a to d a  a re  f u n c t io n a l ly  d e p e n d e n t  (12) .  The c u t i c l e  of n e m a t o d e s  
p l a y s  a n  im por tan t  pa r t  in  t h e  p h y s io lo g y  a n d  im munology  of  t h e s e  
a n im a l s  (27) .  It i s  im por tan t  a l s o  a s  th e  major b a r r i e r  to  t h e  en t ry  of 
n e m a t o c i d e s . I t  i s  s i g n i f i c a n t  t h a t  m i l l io n s  of d o l l a r s  h a v e  b e e n  spen t  
on  th e  d e v e lo p m e n t  of n e m a t o c id e s  an d  a n t i h e l m i n t h i c s  w h i l e  only  
s h r e d s  of in fo rm a t ion  a re  a v a i l a b l e  on  t h e  n a tu r e  of p e r m e a b i l i ty  and  
s t r u c tu r e  of t h e  n e m ato d e  c u t i c l e  (40) .
Knowledge  of c u t i c u l a r  s t r u c tu r e  i s  im p o r tan t  to  a n  u n d e r s t a n d ­
ing of s e v e r a l  n e m ato d e  m a n i f e s t a t i o n s . An i n t e r e s t i n g  c u t i c u l a r  
p h e n o m en o n  i s  t h e  swarm ing  (a g g re g a t io n  in  m a s s e s )  of T y l e n c h o r h y n c h u s 
m ar t in i  F ie ld in g  , 1956 and  o th e r  n e m a t o d e s .  P re l im inary  i n v e s t i g a t i o n s  
o f  th e  swarm ing  p h e n o m en o n  in  T „ m ar t in i  i n d i c a t e d  t h a t  i t  r e s u l t s  from 
a n  a p p a r e n t  s t i c k y  c o n d i t i o n  of t h e  n e m a to d e  c u t i c l e  (17) .
1
The p r in c ip l e  o b j e c t i v e  of t h i s  work  w a s  to  i l l u s t r a t e  and  com pare  
t h e  f in e  s t ru c tu r e  of t h e  body  w a l l  of bo th  sw arm ing  an d  nonsw arm ing  
s p e c i m e n s  of T . m ar t in i  a n d  n onsw arm ing  s p e c i m e n s  of M elo id o g y n e  
h a p l a  C h i tw o o d ,  1949. E lec t ron  m ic ro s c o p e  t e c h n i q u e s  w e re  u s e d  to  
d e f in e  s t r u c tu r a l  d e t a i l s  o f  t h e  body w a l l  of t h e s e  n e m a t o d e s .
It i s  t h e  p u rp o s e  of t h i s  t h e s i s  to  i l l u s t r a t e  a n d  e v a l u a t e  some 
fu n d a m e n ta l  d i f f e r e n c e s  w h ic h  w e r e  d i s c o v e r e d  in  t h e  c u t i c l e  b e t w e e n  
swarm ing  a n d  nonsw arm ing  s p e c i m e n s  of  T_. m ar t in i  a n d  to  r e l a t e  t h e s e  
to  t h e  g e n e r a l  morphology of  t h e  s u r f a c e  l a y e r s  i n  T . m ar t in i  an d  M .  
h a p l a .
REVIEW OF LITERATURE
Li t t le  i s  know n  ab o u t  t h e  f in e  s t r u c tu r e  of p l a n t  p a r a s i t i c  n e m a to d e s  
b e c a u s e  much of t h e i r  s t r u c t u r a l  d e t a i l  l i e s  b e y o n d  t h e  r e s o l u t i o n  of  t h e  
l i g h t  m ic ro s c o p e  and  e l e c t r o n  m ic ro s co p y  h a s  b e e n  u s e d  on ly  dur ing  th e  
p a s t  t e n  y e a r s . M uch  h a s  b e e n  p u b l i s h e d  ab o u t  t h e  s t r u c tu r e  of t h e  
n e m a to d e  c u t i c l e ,  bu t  m os t  o f  t h e  r e p o r t s  d e s c r i b e  t h e  c u t i c l e  a s  a 
s im p le  s t r u c tu r e  c o n s i s t i n g  of a  few l a y e r s  (11,  39) .
Von S ie b o ld  in  1848 (38) f i r s t  c a l l e d  a t t e n t i o n  to  t h e  m a n y - l a y e r e d  
s t r u c tu r e  of t h e  c u t i c l e  of a p h a s m i d i a n  n e m a t o d e ,  A s c a r i s  lu m b r ico id e s  
L i n n a e u s ,  1758,  an d  h i s  o b s e r v a t i o n s  w e r e  conf i rm ed  an d  e x t e n d e d  by 
C z e r m a k ,  B a s t i a n ,  Von Bommel,  and  G o ld s c h m i d t  (7) .  A ccord ing  to  
C h i tw o o d  a n d  C h i t w o o d ,  1950 (7),  a l l  n e m a t o d e s  h a v e  a  l a y e r e d  c u t i c l e  
w h ic h  i s  fu n d a m e n ta l ly  s im i l a r  in  t h e  v a r i o u s  g r o u p s .
G o o d e y ,  19 63 (11) ,  d e s c r i b e d  t h e  c u t i c l e  of n e m a t o d e s  a s  fo l l o w s :  
It i s  c o m p o s e d  of  tw o  or t h r e e  l a y e r s ;  i t  may be  q u i t e  smooth  on  th e  
s u r f a c e  bu t  ve ry  o f t e n  i s  m arked  by  a  r e g u la r  s e r i e s  of t r a n s v e r s e  
s t r i a t i o n s . T h e s e  s t r i a t i o n s  a re  o f t e n  i n t e r r u p t e d  by  t h e  l a t e r a l  f i e ld s  
w h ic h  a re  q u i t e  p rom inen t  in  some fo r m s .  T h e s e  l a t e r a l  f i e ld s  b e a r  
l o n g i t u d i n a l  l i n e s  w h i c h ,  t o g e t h e r  w i th  t h e  e d g e s ,  a re  t e rm e d  i n c i s u r e s  
( in v o lu t io n ) .  Lo n g i tu d in a l  s t r i a t i o n s  s o m e t im e s  o c c u r  a l s o .  B enea th  
t h e  c u t i c l e  i s  t h e  h y p o d e r m i s , w h ic h  h a s  t h e  form of  a  p ro to p l a s m ic  
t u b e ,  in w a rd ly  bu lg in g  a s  four c h o r d s ,  one  e a c h  l o c a t e d  d o r s a l ly  and
3
4v e n t r a l l y  an d  tw o  l o c a t e d  l a t e r a l l y .  I n s id e  t h e  h ypoderm is  i s  t h e  body  
m u s c u l a tu r e  c o m p o se d  of a  s i n g l e  l a y e r  of c e l l s , w h o s e  o u te r  f i b r i l l a t e d  
r e g io n s  a re  a t t a c h e d  to  t h e  hypoderm is  and  w h o s e  p r o to p l a s m ic  in n e r  
s i d e s  abu t  on  t h e  body c a v i t y .  The body m u s c l e s  a re  a r r a n g e d  in  four 
p r in c ip a l  g roups  w h ich  l i e  b e t w e e n  the  four c h i e f  hyp o d e rm a l  c h o r d s .
P h y t o p a r a s i t i c  n e m a to d e s
Although th e  h i s t o l o g i c a l  ana tom y  of n e m a t o d e s  r e p r e s e n t a t i v e  of 
num erous  g roups  h a v e  b e e n  i n v e s t i g a t e d ,  a r e v ie w  of l i t e r a t u r e  d id  not  
r e v e a l  much in fo rm at ion  ab o u t  t h e  f ine  ana tom y  of p h y t o p a r a s i t i c  
s p e c i e s , r a th e r  e m p h a s i s  h a s  b e e n  p l a c e d  upon  t h e i r  g e n e r a l  morphology 
and  l i f e  c y c l e .
E l s e a ,  1951 (8),  s tu d y in g  c r o s s  s e c t i o n s  of th e  r o o t - k n o t  n e m a to d e  
M e lo id o g y n e  h a p l a  C h i tw o o d .  1949, w i th  th e  l igh t  m i c r o s c o p e ,  r e p o r t e d  
th e  c u t i c l e  of a d u l t  f e m a le s  t o  c o n s i s t  of at  l e a s t  t h r e e  l a y e r s ;  an  
e x t e r n a l  c o r t i c a l  l a y e r ,  a midd le  m a t r ix  l a y e r ,  an d  a n  in n e rm o s t  fiber- 
l a y e r .  He found th a t  t h e  hy p o d e rm is  l a y  b e n e a t h  t h e  c u t i c l e  and. that, i t  
w a s  s y n c y t i a l  and  c o m p le t e ly  e n c i r c l e d  th e  n e m a to d e  b o d y .  M ag g e n t i  
and  A l le n ,  1960 (30),  r e p o r t e d  t h a t  t h e  h y p o d e rm is  of a d u l t  M e lo id o g y n e  
f e m a le s  i s  t h i c k  and  s y n c y t i a l  in  s t r u c t u r e .  The h y p o d e rm a l  n u c l e i  w e re  
found to  be  s m a l l  and  n u m e r o u s . D i s c r e t e  s o m a t i c  m u s c l e s  w e r e  not 
o b s e r v e d .
H i r s c h m a n n ,  1959 (13) ,  made  h i s t o l o g i c a l  s t u d i e s  on  m a le s  of 
H e te r o d e ra  g l y c i n e s  I c h i n o h e , 1952,  a n d  a d u l t s  of H o p lo la im u s
5t y l e n c h i f o r m is  D a d a y ,  1905. She found  th a t  t h e  e x t e r n a l  c u t i c l e  of 
t h e s e  n e m a t o d e s  c o n s i s t s  of  t h r e e  d i s t i n c t  l a y e r s ;  a  h y a l in e  c o a r s e l y  -  
a n n u l a t e d  o u te rm o s t  l a y e r ,  a  middle  l a y e r  w h i c h  i s  h o m o g e n eo u s  in  
s t r u c t u r e ,  a n d  a th i r d  or i n n e rm o s t  l a y e r .  S h e  r e p o r t e d  t h a t  t h e  th i rd  
l a y e r  a p p e a r s  in  H e te r o d e r a  m a le s  a s  a d o u b le  a n n u la t i o n  or a s  a  row 
of d o t s ;  2 a n n u l e s  or d o ts  c o r r e s p o n d  to  1 a n n u le  of t h e  o u te r  l a y e r .
In  H o p l o l a i m u s , t h i s  l a y e r  w a s  v i s u a l i z e d  a s  a d e n s e  r e f r a c t i v e  m a te r i a l  
with  a  s l i g h t l y  f ib rous  a p p e a r a n c e  in  c r o s s - s e c t i o n ,  and  d o u b le  a n n u l a ­
t i o n .  She  c o n c l u d e d  t h a t  d u e  to  th e  r e l a t i v e l y  s m a l l  s i z e  of t h e s e  
n e m a t o d e s ,  i t  w a s  d i f f i cu l t  t o  co m p are  t h e i r  c u t i c u l a r  l a y e r in g  w i th  
t h a t  of A s c a r i s  l u m b r i c o i d e s . It s e e m s  l i k e l y ,  h o w e v e r ,  t h a t  t h e  
o u te rm o s t  l a y e r  w o u ld  c o r r e s p o n d  to  t h e  c o r t i c a l  l a y e r s ,  t h e  midd le  
l a y e r  t o  t h e  m a t r ix ,  and  t h e  i n n e rm o s t  l a y e r  t o  t h e  f ibe r  l a y e r  (14) .
Bird ,  1958 (4) ,  s tu d y in g  t h e  c u t i c l e  of a d u l t  f e m a le s  of M.. h a p la  
and  M .  i a v a n i c a  C h i tw o o d ,  1949, w i th  the  l ig h t  m i c r o s c o p e ,  r e p o r t e d  
th a t  t h e r e  w a s  c o n s i d e r a b l e  v a r i a t i o n  in  t h e  t h i c k n e s s  of t h e  fem a le  
c u t i c l e  bo th  in  a d u l t s  of d i f f e r e n t  a g e s  and  i n  d i f f e r en t  r e g io n s  of th e  
s am e  c u t i c l e .  The c u t i c l e  of t h e s e  tw o  s p e c i e s  c o n s i s t s  of a t h i n ,  
d a r k l y - s t a i n i n g  s u r f a c e  l a y e r  c o v e r in g  a  h o m o g e n e o u s  s u b s t a n c e  
w h ic h  i s  d iv id e d  in to  t h r e e  l a y e r s  by  tw o  d a r k l y - s t a i n i n g  b a n d s » He 
a l s o  r e p o r t e d  v e r t i c a l  s t r u c t u r e s  runn ing  from t h e  h y pode rm is  to  t h e  
o u te rm o s t  l a y e r .
6In a n  e l e c t r o n  m ic ro s c o p e  s tu d y  on^M. j a v a n i c a , Bird an d  Rogers 
(5) r e p o r te d  t h a t  t h e  c u t i c l e  c o n s i s t e d  of a c l e a r l y - d e f i n e d  o s m io p h i l i c  
e x t e r n a l  c o r t i c a l  l a y e r ,  and  a n  in t e r n a l  c o r t i c a l  l a y e r  m o rp h o lo g ica l ly  
d i s t i n c t  from a t h i c k  f ib e r  l a y e r .  In  a d u l t  s p e c i m e n s  t h i s  f ibe r  l a y e r  
a p p e a r e d  to  c o n s i s t  of tw o  l a y e r s  p a r t i c u l a r l y  in  t h e  p o s t e r i o r  r e g io n .  
They s t a t e d  t h a t  h igh  m a g n i f i c a t i o n s  r e v e a l e d  v e r t i c a l  s t r i a e  in  t h e  
e x t e r n a l  c o r t i c a l  l a y e r  w h ic h  a p p e a r e d  to  c o n n e c t  w i th  s t r u c t u r e s  in  t h e  
in t e r n a l  c o r t i c a l  l a y e r .  E x te rn a l ly ,  t h e  s t r i a e  w e r e  c o v e r e d  by a d i s ­
t i n c t  m em brane  w h ic h  p ro b ab ly  c o r r e s p o n d s  to  t h e  o s m io p h i l i c  s u r f a c e  
m em brane  of t h e  A s c a r i s  c u t i c l e .  The f ibe r  l a y e r  merged  w i th  t h e  
h y p o d e rm is  an d  w a s  not s e p a r a t e d  from it  by  a b a s a l  l a m e l l a .
W r i g h t ,  1965 (45) ,  s tu d y in g  t h e  h i s to lo g y  of t h e  e s o p h a g e a l  r e g io n  
of Xiph inema in d e x  Thorne  and  A l len ,  195 0 r e p o r t e d  t h a t  t h e  e x t e r n a l  
body  c u t i c l e  a p p e a r e d  s im i la r  in  s t r u c tu r e  th ro u g h o u t  t h e  e s o p h a g e a l  
r e g i o n .  He found four c u t i c u l a r  z o n e s :  a n  o u te r  t h in  z o n e  of high 
d e n s i t y ,  a  t h i c k  g ra n u la r  z o n e ,  a  f ibe r  z o n e ,  and  a n  i n n e r  l a m e l l a t e  
z o n e .  The o u te rm o s t  z o n e  w a s  a p p ro x im a te ly  30 mu t h i c k .  The g ra n u la r  
zo n e  c o n t a i n e d  b a s a l l y  a  p a l i s a d e - l i k e  a r ray  of d e n s e  s t r u c t u r e s .  The 
f ib e r  z o n e  c o n t a i n e d  tw o  l a y e r s  of o b l i q u e l y - o r i e n t e d  f i b e r s ,  and  e ach  
l a y e r  w a s  a p p ro x im a te ly  0 .5  u t h i c k .  The in n e rm o s t  z o n e  of t h e  c u t i c l e  
c o n s i s t e d  of a  v a r i a b l e  num ber  of l a y e r s  of m a te r i a l  t h a t  d id  ne t  a p p e a r  
d i s c r e t e l y  f i b r o u s , bu t  r e s e m b l e d  t h e  t e x t u r e  of t h e  f ib e r  l a y e r  in  i t s  
r e a c t i o n  w i th  p e r m a n g a n a t e .
7A summary  and  c o m p a r i so n  of  t h e  c u t i c u l a r  s t r u c tu r e  of some 
p h y t o p a r a s i t i c  n e m a t o d e s ,  w h ic h  h a v e  b e e n  s t u d i e d  w i th  t h e  e l e c t r o n  
m i c r o s c o p e ,  a re  sh o w n  in  Tab le  1.
Z o o p a r a s i t i c  N e m a to d e s
C h i tw o o d  an d  C h i tw o o d ,  1950 (7) ,  r e p o r t e d  t h a t  t h e  c u t i c l e  of 
A s c a r i s  lu m b r ic o id e s  L i n n a e u s ,  1758 i s  d i v i s i b l e  i n to  9 d i s t i n c t  l a y e r s ;  
(1) a n  e x t e r n a l  c o r t i c a l  layer ;  (2) a n  i n t e r n a l  c o r t i c a l  layer ;  (3) a 
f ib r i l l a r  l a y e r ;  (4) a m a t r ix  l a y e r  (hom ogenous  layer ) ;  (5) a  b o unda ry  
l a y e r  ( b a n d s c h i c h t e  of  Van Bommel); (6 ,  7 a n d  8) e x t e r n a l ,  m idd le  and  
in t e r n a l  f ib e r  l a y e r s ;  a n d  (9) a  b a s a l  l a m e l l a .  The a b o v e  d e s c r i p t i o n  
in  s u b s t a n c e  t h e  s am e  a s  t h a t  g iv e n  by Van Bommel,  1894 (7) .  A c co rd ­
ing t o  C h i tw o o d  an d  C h i tw o o d ,  t h e  c u t i c l e  of P a r a s c a r i s  equorum G o e z e ,  
1782 . T o x o ca ra  c a n i s  W e r n e r ,  1782,  T o x a s c a r i s  l e o n in a  L i n s t o w , 1902,  
a n d  o th e r  a s c a r i d s  h a s  t h e  san{e fu n d a m e n ta l  s t r u c t u r e .
W a t s o n ,  1965 (42),  s tu d y in g  t h e  f ine  s t r u c tu r e  of t h e  body  w a l l  
i n  a d u l t s  of A. l u m b r i c o i d e s ,  r e p o r te d  t h a t  during g row th  of a d u l t  worms 
t h e  c u t i c l e  i n c r e a s e d  in  vo lum e due to  growth  of a l l  l a y e r s  of t h e  
c u t i c l e .  The m atr ix  l a y e r  of th e  c u t i c l e  i n c r e a s e d  in  t h i c k n e s s  more 
r a p id ly  t h a n  t h e  f ib e r  l a y e r ,  a n d  bo th  of t h e s e  l a y e r s  grew f a s t e r  t h a n  
t h e  c o r t e x .  R ib o n u c le ic  a c i d  w a s  d e t e c t e d  in  th e  e p id e r m is  of th e  
g rowing  a d u l t  worm s  and  i t s  p r e s e n c e  w a s  c o r r e l a t e d  w i th  t h e  d e v e l o p ­
ment of  t h e  e n d o p la sm ic ,  r e t i c u lu m  a n d  r i b o s o m e s .  She  r e a s o n e d  th a t
T ab le  1. C u t i c u l a r  s t ru c tu r e  of a d u l t  f e m a le s  of som e p h y t o p a r a s i t i c  n e m a t o d e s .
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9c u t i c u l a r  c a n a l s  w h ic h  s h e  o b s e r v e d  w e r e  p ro b ab ly  in v o lv e d  in  t h e  
t r a n s p o r t  o f  t h e  c u t i c u l a r  p r e c u r s o r s  from t h e  hy p o d e rm is  to  t h e  c u t i c u l a r  
l a y e r s .
L e e ,  1965 {2,7), s tu d y in g  t h e  c u t i c l e  of a d u l t  N ip p o s t ro n g y lu s  
b r a s i l i e n s i s  T r a v a s s o s ,  1914,  r e p o r t e d  t h a t  t h e  c u t i c l e  h a d  th e  f o l l o w ­
ing l a y e r s :  a n  o u te r  t r i p l e - l a y e r e d  membrane; a  s i n g l e  c o r t i c a l  lay e r ;  a 
f l u i d - f i l l e d  l a y e r  w h i c h  w a s  t r a v e r s e d  by num erous  c o l l a g e n  f ib r i l s  and  
s t r u t s  w h ic h  w e re  s u s p e n d e d  by  c o l l a g e n  f ib r i l s  in  t h e  f l u i d - f i l l e d  layer ;  
tw o  f ib e r  l a y e r s ,  e a c h  a p p a r e n t ly  c o n ta i n in g  3 l a y e r s  of f ib e r s ;  and  a 
b a s e m e n t  l a m e l l a .  The f l u i d - f i l l e d  l a y e r  c o n t a i n e d  h a e m o g lo b in  and  
e s t e r a s e .  The m u s c l e s  of t h e  body  w a l l  w e r e  a t t a c h e d  to  e i t h e r  t h e  
b a s e m e n t  l a m e l l a  or  to  t h e  f ib e r  l a y e r s  of t h e  c u t i c l e .
L e e ,  1966 (28) ,  s tu d y in g  t h e  th i r d  s t a g e  l a r v a  of N .  b r a s i l i e n s i s  , 
r e p o r te d  t h a t  t h e  c u t i c l e  c o n s i s t s  of 7 l a y e r s ,  a n  o u te r  t r i p l e - l a y e r e d  
m e m b ra n e ,  a d o u b l e - l a y e r e d  o u te r  c o r t e x ,  a n  i n n e r  c o r t e x ,  a m a t r ix  
l a y e r ,  a s t r i a t e d  l a y e r  and  tw o  f ib r i l  l a y e r s .  There  w a s  no  b a s e m e n t  
l a m e l l a  a n d  th e  hy p o d e rm is  w a s  s e e n  a s  a  t h in  l a y e r  b e t w e e n  t h e  m u s c l e s  
a n d  t h e  c u t i c l e  w h ic h  e x p a n d e d  to  form t h e  d o r s a l ,  v e n t r a l  and  l a t e r a l  
c h o r d s .
J a m u a r ,  1966 (24) ,  s t u d y in g  th i rd  s t a g e  l a r v a  an d  a d u l t  s p e c i m e n s  
of  N . b r a s i l i e n s i s , r e p o r te d  t h a t  t h e  c u t i c l e  a p p a r e n t l y  w a s  n o n c e l l u l a r  
in  n a tu re  s i n c e  no n e  of  t h e  c e l l u l a r  o r g a n e l l e s  c o u ld  b e  found, in  t h i s  
r e g i o n .  In  a d u l t  s p e c i m e n s ,  t h e  c u t i c l e  c o n s i s t e d  main ly  of  th r e e
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l a y e r s :  c o r t e x ,  m a t r ix ,  and  f ib e r  l a y e r s  . E x te rn a l ly  t h e  c o r t e x  w a s  
c o v e r e d  by  a n  o s m i o p h i l i c  m em brane  ab o u t  7 mu t h i c k ,  o u t s i d e  o f  w h ic h  
w a s  a l e s s  r e g u la r  l a y e r  ab o u t  17 mu th i c k ;  t h e  tw o  b.eing s e p a r a t e d  by 
a  l i g h t e r  z o n e  a p p ro x im a te ly  10 mu in  w i d t h .  The c o r t e x  w a s  c o m p o se d  
of h o m o g e n e o u s ,  f a i n t l y - g r a n u l a r  m a t e r i a l .  T r a n s v e r s e  b a n d s  w e re  
e m b e d d e d  in  t h e  m a t r ix  an d  w e r e  s p a c e d  a t  i n t e r v a l s  v a ry in g  b e t w e e n  
1 and  2 u .  Below t h e  m a t r ix  t h e r e  w e r e  tw o  f i b r o u s ,  c o l l a g e n - l i k e  l a y e r s  
a r r a n g e d  o b l iq u e ly  to  t h e  body  a x i s . The f ib e r s  r a n g e d  in  w id th  from 45 
to  75 mu.  The c u t i c l e  of t h e  th i r d  s t a g e  l a r v a  a p p e a r e d  to  b e  l e s s  c o m ­
p l i c a t e d .  The c o r t e x  i t s e l f  w a s  c o m p o s e d  of  d e n s e  h o m o g e n e o u s  
m a te r i a l  an d  w a s  b o r d e r e d  on  t h e  o u te r  s id e  by  a  m e m b ra n e .  I t  w a s  
d iv id e d  in to  nu m ero u s  a n n u l i  by  t r a n s v e r s e  d e p r e s s i o n s  in  t h e  e x t e r n a l  
s u r f a c e  of  t h e  c u t i c l e .  In t h e  m a t r ix  b e t w e e n  a n n u l e s  t h e r e  w e r e  tw o  
d e n s e  b o d i e s .  T h e s e  w e re  th o u g h t  to  b e  p r e c u r s o r s  of t h e  t r a n s v e r s e  
b a n d s  in  t h e  a d u l t  c u t i c l e .  The f ib e r  l a y e r  w a s  a p p a r e n t l y  a b s e n t .  The 
in n e rm o s t  l a y e r  o f  t h e  m a tr ix  w a s  c o m p o s e d  of a c r y s t a l l o i d  s t ru c tu re  
show ing  d e n s e  p a r a l l e l  l i n e s  in  l o n g i t u d i n a l  s e c t i o n .
A nya ,  1966 (2) ,  i n v e s t i g a t i n g  t h e  c u t i c u l a r  s t r u c tu r e  of A s p i c u lu r i s  
t e t r a p t e r a  N i t z s c h ,  1821,  r e p o r t e d  t h a t  t h e r e  w e r e  3 b a s i c  l a y e r s  in  t h e  
c u t i c l e  of  t h i s  n e m a t o d e :  t h e  c o r t e x ,  w h ic h  c o n s i s t e d  of  a n  o u te r  and  
a n  in n e r  l a y e r ,  t h e  m a t r ix  l a y e r ,  a n d  t h e  c o m p le x  f ib e r  l a y e r  c o n s i s t i n g  
of t h r e e  l a y e r s .  There  w a s ,  in  a d d i t i o n ,  a  t h i n  o s m io p h i l i c  s u p e r f i c i a l  
m em brane  on  t h e  s u r f a c e  of t h e  c u t i c l e .  Th is  m em brane  w a s  s e e n  only
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w ith  t h e  e l e c t r o n  m i c r o s c o p e .  I t w a s  t r i p l e - l a y e r e d  and  c o n s i s t e d  of 
tw o e l e c t r o n - d e n s e  l a y e r s  s e p a r a t e d  by  a  l e s s  e l e c t r o n - d e n s e  l a y e r .
A summary  and  c o m p a r i s o n  of t h e  c u t i c u l a r  s t r u c tu r e  of some
« *  -
z o o p a r a s i t i c  n e m a t o d e s ,  w h ic h  h a v e  b e e n  s t u d i e d  w i th  t h e  e l e c t r o n  
m i c r o s c o p e ,  a re  sh o w n  in  T ab le  2 .
F r e e -L iv in g  N e m a to d e s
I n g l i s ,  1964 (23) ,  s tu d y in g  t h e  c u t i c l e  of a  C h r o m a d o r i d a , r e p o r t e d  
th a t  t h e  n e m a t o d e  c u t i c l e  c o n s i s t e d  g r o s s l y  o f  3 l a y e r s :  a n  o u te r  l a y e r  -  
t h e  c o r t i c a l  l a y e r ;  a n  i n t e r m e d ia t e  l a y e r  -  t h e  m a tr ix  lay e r ;  an d  a n  in n e r  
l a y e r  -  t h e  b a s a l  l a y e r .  W i th  t h e s e  l a y e r s  w a s  a s s o c i a t e d  a  p u n c t a t i o n  
c a n a l  c o m p o n e n t . The c o r t i c a l  l a y e r  c a r r i e d  e x t e r n a l l y  a w h o l ly  
s c l e r o t i z e d  l a y e r ,  t h e  e p i - c o r t e x .  The in n e r  pa r t  of t h e  b a s a l  l a y e r  w a s  
m od if ied  a s  a  b a s a l  l a m e l l a  for t h e  a t t a c h m e n t  of  t h e  h y p o d e r m i s , from 
w h ic h  i t  w a s  no t  s h a r p ly  d e l i m i t e d .  He  s u g g e s t e d  t h a t  t h e  t r e a tm e n t  of 
th e  c u t i c l e  a s  b a s i c a l l y  t h r e e  l a y e r s  w i th  a p u n c t a t i o n  c a n a l  s y s t e m  c a n  
be  e x p a n d e d  to  c o v e r  c o n d i t i o n s  in  a l l  t h e  N e m a to d a .  No f ib e r  l a y e r s  
w e r e  p r e s e n t  in  t h e  C h ro m a d o r id a  and  t h i s  c o n d i t i o n  c a n  be  a p p l i e d  a l s o  
to  t h e  M o n h y s t e r id a  and  t h e  A x o n o la im id a .
Accord ing  to  C h i tw o o d  an d  C h i tw o o d ,  1950 (7) ,  t h e  c u t i c l e  of t h e  
C h ro m a d o r id a  u s u a l l y  a p p e a r s  a s  two  d e n s e  l a y e r s , a  c o r t i c a l  l a y e r  
and  a  b a s a l  l a y e r  s e p a r a t e d  by  a  more or  l e s s  d i s t i n c t  m at r ix  l a y e r .  In 
t h e  g e n u s  A phano la im us  , t h e  m a t r ix  l a y e r  w a s  s c a r c e l y  d i s t i n g u i s h a b l e  
from t h e  b a s a l  l a y e r .  In  H a l i c h o a n o la im u s  an d  s im i la r  fo rm s ,  t h e
i
T ab le  2 .  C u t i c u l a r  s t ru c tu r e  o f  som e z o o p a r a s i t i c  n e m a t o d e s .
C u t i c u l a r  Lavers a
T r i p l e - l a y e r e d  
S p e c i e s  membrane
O ute r
l a y e r
M id d le
l a y e r F iber
B a s a l
l a m e l l a Author
A sp ic u lu r i s
t e t r a p t e r a ^
+b ou te r  and  
in n e r  c o r t e x
matr ix t r i p l p -
l a y e r e d
0C A nya ,  1966 (2)
N ip p o s t ro n g v lu s
b r a s i l i e n s i s e
+ s i n g l e - l a y e r e d
c o r t e x
m a t r ix ,  d e n s e  
b o d ie s  and  
c r y s t a l l o i d  
b o d ie s
0 0 Jam u ar ,  1966 
(24)
N .  b r a s i l i e n s i s 6 + d o u b l e - l a y e r e d  
o u te r  c o r t e x  
a n d  in n e r  c o r t e x
m atr ix  and  
s t r i a t e d  l a y e r
d o u b l e -  
l a y e r e d
0 L ee ,  1966 (28)
N .  b r a s i l i e n s i s ^ + s i n g l e - l a y e r e d
co r t e x
m atr ix  and  
t r a n s v e r s e  
b a n d s
d o u b l e ­
l a y e r e d
0 Jam u a r ,  1966 
(24)
N.  b ra s i l iens is*^ + s i n g l e - l a y e r e d
c o r t e x
f l u i d - f i l l e d  
and  s t r u t s
d o u b l e -  
l a y e r e d
+ L e e ,  1965 (27)
L i s t e d  in  order  from o u t s i d e  t o  i n s i d e .
+ p r e s e n t .  
c 0 a b s e n t .
^Adult  f e m a le .  
e Third s t a g e  l a r v a .
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m atrix  l a y e r  a p p e a re d  in  c r o s s - s e c t i o n  a s  a  c a v i ty  t r a v e r s e d  by  th e  f ib r i l  
l a y e r  b n d  th e  " tu b e s "  of th e  f ib r i l  l a y e r  c a u s e d  th e  a p p e a r a n c e  of p u n c ta ­
t io n  w h e n  v ie w e d  in  t o t o .  In  M o n o p o s th ia , t h e  c o r t i c a l  and  b a s a l  la y e r s  
w e re  s e p a r a te d  b y  a d i s t i n c t  c a v i ty  w h ich  c o n ta in e d  a p a i r  o f  l a t e r a l  
c u t i c u la r  r i d g e s .  The c u t i c l e  of su ch  form s a s  th e  ch ro m ad o rid s  p ro b ab ly  
c o n ta in s  o b l iq u e  f ib e r s ;  p re su m a b ly  th e  f ib e r  l a y e r s  a re  r e p r e s e n te d  by  
th e  b a s a l  l a y e r  a n d  p u n c ta t io n  i s  a m a n i f e s t a t io n  of t h e  f ib r i l  l a y e r .
Sw arm ing  P h enom enon
In  1955 , M ey l (33) r e p o r te d  a  p h e n o m e n o n ,  w h ic h  r e s e m b le s  
sw a rm in g ,  in  t h e  n em a to d e  s p e c i e s  H e m ic y c l io p h o ra  t y p i c a  de M a n ,  1921. 
H e  c a l l e d  i t  N e s te rb i ld u n g  and  a t t r ib u te d  i t  to  a  s e x u a l  fu n c t io n  in  th e  
l i f e  c y c le  of t h i s  n e m a to d e .
H o l l i s ,  1958 (15) d i s c o v e r e d  and  nam ed  th e  sw arm ing  ph en o m en o n  
in  T y le n c h o rh y n c h u s  m art in i  F ie ld in g ,  1956 a n d  re p o r te d  su ch  s t im u la t in g  
fa c to r s  a s  a h igh  p ro p o r t io n  o f  a c t i v e  n e m a to d e s  an d  a h igh  s u s p e n s i o n  
d e n s i t y .  He found  th a t  a  ra n g e  o f  room te m p e ra tu re  an d  of pH 3 .5  -  1 1 .0  
d id  no t in f lu e n c e  sw arm ing  i n t e n s i t y .  In  1960 (16 ) ,  he  found th a t  th e  
sw arm ing  r e a c t io n  in  T . m art in i  r e s u l t e d  from a n  a p p a re n t  s t ic k y  c o n d i ­
t io n  of th e  c u t i c l e  a n d  th a t  i t  w a s  n o n s e x u a l  a n d  s p e c i e s  s p e c i f i c .  He 
s u g g e s te d  a  h y p o th e s i s  th a t  t h i s  p h e n o m en o n  may be  c o n d i t io n e d  by  th e  
s t a t e  of p o l y s a c c h a r id e ,  l i p id ,  or p ro te in  s u b s t a n c e s  of th e  c u t i c l e .  He 
a l s o  found  th a t  sw arm ing  o c c u r r e d  in  a  s p e c i e s  of H e m ic y c l io p h o ra .
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In  a n o th e r  s tu d y ,  H o l l i s ,  1962 (17), r e p o r te d  th a t  th e  s t a t e  of 
sw arm ing  w a s  in d u c e d  in  T . m art in i  by  a b u n d a n t  and  ra p id  h o s t - p l a n t  
g ro w th .  I t  w a s  c h a r a c te r i z e d  by : a n  in n a te  m o rp h o lo g ica l  m o d if ic a t io n  
of th e  c u t i c l e ,  p a r t i c ip a t io n  of a l l  s t a g e s  of worm d e v e lo p m e n t ,  an d  
h ig h e r  e g g - la y in g  r a t e s  in  sw arm ing  s p e c i m e n s . Sw arm ing w a s  in h ib i te d  
by  en zy m e s  su ch  a s  p a p a in ,  f i c in ,  and  t r y p s in .  This  in h ib i t io n  w a s  
rem o v ed  by  w a s h in g  to  e l im in a te  t h e  e n zy m e s  a n d  th i s  w a s  b e l i e v e d  to  
p ro v id e  e v id e n c e  of th e  p ro te in a c e o u s  n a tu re  of th e  c u t i c l e  s u r fa c e  
l a y e r .  He h y p o th e s iz e d  th a t  th e  c a p a c i ty  fo r c e n te r in g  th e  sw arm ing  
s t a t e  i s  u n d e r  g e n ic  c o n t ro l ,  and  th a t  i t s  in d u c t io n  is  d e te rm in e d  by 
n u t r i t io n a l  f a c t o r s .
Sw arm ing w a s  n o te d  by W h i te h e a d  (42) in  Kenya in  s p e c i e s  of 
H e m ic y c l io p h o r a , R o ty le n ch u lu s  , an d  S c u te l lo n e m a . S te in e r  (31) 
r e p o r te d  w h a t  a p p e a r s  to  b e  sw arm ing  in  an  O n c h o la im u s  s p e c i e s  in  
P ue rto  R ico . G re e n h o u s e  p o p u la t io n s  of sw arm ing  T_. c la y to n i  S te in e r ,  
1937 w e re  o b s e r v e d  by C h ap m an  (31) m  K e n tu ck y .  A M bnonchus s p .  and  
a  H e m icy c l io p h o ra  s p .  , from s e v e r a l  d if f e re n t  g r a s s e s  in  K enya , w e re  
o b s e r v e d  in  a sw arm ing  c o n d i t io n  by H o l l i s  (18). Sw arm ing h a s  b e en  
re p o r te d  a l s o  in  D o ry la im us  p u s i l l u s  C o b b ,  1893 in  L o u is ia n a  (17) an d  
in  H e l ic o ty le n c h u s  n a n n u s  S te in e r .  1945 in  F lo r id a  (31 , 32 ).
H o l l i s  and  M cB ride , 1962 (19) s tu d y in g  th e  sw arm ing  p h en o m en o n  
in  T_. m a r t in i , re p o r te d  th a t  sw arm ing ',  u n l ik e  a n a b i o s i s , i s  in d u c e d  by 
fa v o ra b le  c o n d i t io n s  of ra p id  an d  a b u n d a n t  p la n t  g r o w th . C h a n g e s  from
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a n o n sw arm in g  to  a sw arm ing  c o n d i t io n  a p p a r e n t ly  d e p e n d s  on s p e c i f i c  
n u t r i t io n a l  f a c to r s  or a h o s t - p a r a s i t e  r e la t io n  c o n d u c iv e  to  ra p id  
b u ild u p  of th e  n em ato d e  p o p u la t io n .
M cB rid e ,  1964 (31) , a n d  M cBride a n d  H o l l is  (32 ) , a f te r  e x te n s iv e  
s tu d ie s  on th e  in d u c t io n  of sw arm ing  in  T . m a r t in i ,  found  th a t  co m p le te  
n u tr i t io n  of th e  h o s t  w ith  a l l  e s s e n t i a l  n u t r i e n t  e le m e n ts  w a s  n e c e s s a r y  
to  th e  in d u c t io n  o f sw a rm in g .  O rg an ic  s u p p le m e n ts  to  n u t r ie n t  s o lu t io n s  
h ad  no e f f e c t  on th e  in d u c t io n  of sw a rm in g .  T hey  re p o r te d  th a t  T . m art in i  
an d  T . c la y to n i  sw arm ed  to g e th e r .  T_. m art in i  and  u n id e n t i f i e d  s p e c i e s  
of T v len c h o rh y n c h u s  sw arm ed  s e p a r a t e ly  in  m ix tu r e s ,  i n d ic a t in g  t h a t  
b o th  s p e c i e s  and  group  s p e c i f i c i t y  of th e  sw arm ing  r e a c t io n  m ay be 
common in  th e  g e n u s  T y le n c h o rh y n c h u s . The a c t i v i t y  of sw arm ing  n e m a ­
to d e s  i s  b e s t  c h a r a c te r i z e d  a s  c o n t in u a l  an d  r a p id ,  j e rk y  m ovem en ts  
w h ic h  r e s u l t  a p p a r e n t ly  from a t te m p ts  of in d iv id u a l s  to  b re a k  f ree  from 
s w a rm s .  A g g reg a t io n  due  to  sw arm ing  w a s  d i f f e r e n t i a t e d  from th a t  due  
to  a n a b io s i s  by  th e  m ode of s e p a r a t io n  of s p e c i m e n s .  S w arm ers  s e p a r a te  
o n ly  a t  r ig h t  a n g le s  to  th e  p la n e  of c o n ta c t  w h e r e a s  a n a b io s i s  s e p a r a te  
by g l id in g  m o tio n s  p a r a l l e l  to  c o n ta c t  p l a n e s .
I
MATERIALS AMD METHODS
T y le n c h o rh v n c h u s  m artin i
Sw arm ing a n d  n o n sw arm in g  s p e c im e n s  of T. m a r t in i , g row n on r ic e  
p la n t s  in  t h e  g r e e n h o u s e ,  w e re  s i e v e d  from s o i l  w i th  ta p  w a te r  an d  
p l a c e d  in  1% u n b u ffe red  osm ium  te t r o x id e  s o lu t io n s  in  s m a l l  v i a l s  for 
2 h o u rs  a t  5 ° C . S p e c im e n s  w e re  th e n  w a s h e d  in  d i s t i l l e d  w a te r  and  
d e h y d ra te d  g ra d u a l ly  in  a  s e r i e s  o f  4 a q u e o u s  e th a n o l  s o l u t i o n s , th e n  
in  a b s o lu t e  e th a n o l  a s  o u t l in e d  b e lo w :
(1) 25% e th a n o l  for 1 h o u r .
(2) 5 0% e th a n o l  for 1 h o u r .
(3) 70% e th a n o l  for 1 h o u r .
(4) 90% e th a n o l  for 1 h o u r .
(5) a b s o lu t e  e th a n o l  fo r 6 h o u r s .
(6) a b s o lu t e  e th a n o l  for 8 h o u r s .
The s o lv e n t  w a s  d e c a n te d  o r  r e p la c e d  in  th e  v ia l s  b e tw e e n  e a c h  
s te p  w ith  a  h y p o d erm ic  n e e d le .  The s p e c im e n s  w e re  th e n  w a s h e d  tw ic e  
in  p ro p y le n e  o x id e  fo r 1 h o u r  e a c h  t im e  b e c a u s e  th e  em b ed d in g  r e s i n ,  
m a ra g la s  ( P o ly s c ie n c e s  I n c .  , R y d a l ,  P e n n s y lv a n ia ) ,  w a s  s o lu b le  in  
p ro p y le n e  o x id e  an d  in s o lu b l e  in  a l c o h o l .  S p e c im e n s  th e n  w e re  i n c u ­
b a te d  in  a  m ix tu re  of p ro p y le n e  o x id e  p lu s  m a ra g la s  m ix tu re  1:1 v / v  
an d  m a ra g la s  m ix tu re  fo r a b o u t  4 h o u rs  e a c h  in  a  v a cu u m  d e s i c c a t o r  to  
rem ove  an y  a i r  b u b b le s  from th e  t i s s u e s  an d  to  i n c r e a s e  p e n e t r a t io n  by
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th e  m a ra g la s  m ix tu re .  The m a ra g la s  m ix ture  u s e d  for em bed d in g  c o n ­
s i s t e d  o f  ml p ro p o r t io n s  o f  m a ra g la s  3 4 ,  c a r d o l i t e  10, d ib u ty l  p h th a la te  5 ,  
an d  b e n z y l  d im e th y la m in e  1 (10).
A drop of f r e s h  m a ra g la s  m ix tu re  w a s  a d d e d  to  t h e  bo ttom  of a 
Beem p l a s t i c  c a p s u l e ;  n em a to d e  s p e c im e n s  w e re  in t ro d u c e d  and  o r ie n te d ,  
an d  m a ra g la s  m ix tu re  a d d e d  to  f i l l  t h e  c a p s u l e .  The c a p s u l e s  w e re  
i n c u b a t e d  a t  60 C fo r 48 h o u r s ,  t h e n  b lo c k s  w e re  trim m ed an d  s e c t i o n s  
w e re  c u t  to  g iv e  a  b r ig h t  g o ld  to  s i l v e r  in te r f e r e n c e  c o lo r  w ith  a  g l a s s  
k n ife  in  a  S o rv a l l  M T-2 P o rte r-B lum  U l t r a - M ic r o to m e .  S e c t io n s  w e re  
s t a i n e d  in  1% a q u e o u s  l e a d  o x id e  fo r 10 m in u te s  (25) an d  th e n  v ie w e d  
u n d e r  a H U -11A  H i ta c h i  e le c t r o n  m ic ro s c o p e  a t  5 0 KV.
M elo id o g y n e  h a p la
Adult fe m a le s  an d  s e c o n d  s t a g e  la r v a e  of M ■ h a p la  w e re  o b ta in e d  
from in f e c te d  ro o ts  o f  to m a to  p la n t s  grow n in  th e  g r e e n h o u s e .  F em a le s  
w e re  s e p a r a t e d  by  p la c in g  a  g a l l e d  p ie c e  of ro o t  in  w a te r  an d  d i s s e c t i n g  
aw ay  th e  roo t t i s s u e s  from th e  b o d y  of th e  a n im a l s .  Sm all  g a l l s  on  f ine  
ro o ts  w e re  found  to  b e  th e  m ost s a t i s f a c t o r y ,  b e c a u s e  th e  f e m a le s  w e re  
e a s i l y  e x p o s e d  by  d i s s e c t i o n .  S e c o n d  s t a g e  la rv a e  w e re  c o l l e c t e d  from 
a ro u n d  ro o ts  a n d  from h a tc h in g  e g g s  . S e v e ra l  c u t s  w e re  m ade in  th e  
body  of a d u l t  f e m a le s  j u s t  b e fo re  k i l l in g  an d  f ix in g .  Th is  w a s  n e c e s s a r y  
b e c a u s e  o th e rw is e  th e  p r e s e n c e  of a  th ic k  c u t i c l e  h in d e re d  p ro p e r  f ix a ­
t io n  of in t e r n a l  s t r u c t u r e s .
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S p e c im e n s  of M . h a p la  w e re  f ix e d  a t  room te m p e ra tu re  in  sm a l l  
v i a l s  fo r 2 h o u rs  in  6% g lu te ra ld e h y d e  in  0 .0 5  M p h o s p h a te  bu ffer  a t  
pH 6 . 8 .  S p e c im e n s  w e re  th e n  e x p o s e d  for 2 h o u rs  in  2% osm ium  
te t r o x id e  in  0 .0 5  M p h o s p h a te  b u ffe r  a t  pH 6 .8  fo r  f in a l  f i x a t i o n .  The 
f ix e d  s p e c im e n s  w e re  th e n  w a s h e d  th o ro u g h ly  w ith  d i s t i l l e d  w a te r  an d  
d e h y d ra te d  in  a  g ra d e d  s e r i e s  o f  e th a n o l  a q u e o u s  s o lu t io n s  a s  in  th e  
c a s e  of T . m a r t in i .
M .  h a p la  s p e c im e n s  w ere  w a s h e d  tw ic e  w i th  p ro p y le n e  o x id e  th e n  
s o a k e d  in  1:1 v / v  m ix tu re  o f  p ro p y le n e  o x id e  and  Epon m ix tu re  for 3 h o u rs  
in  a  v acu u m  d e s i c c a t o r .  The Epon m ix tu re  w a s  p re p a re d  a s  fo l lo w s  (29 , 
34):
(Epon 812) 15 m l (The Ring C h em . C o . ,  1112 R o sin e  S t r e e t ,  
H o u s to n ,  T e x a s ) .
D o d e c e n y l  s u c c in i c  a n h y d r id e  (DDSA) 25 ml (R. P .  C a rg i l le  L a b .  
I n c . ,  117 L ib erty  S t r e e t ,  New York 6 , N .  Y . ) .
(A rald ite  506) 20 ml (C iba  P ro d u c ts  C o . ,  F a ir  L aw n, New J e r s e y ) .
D ib u ty l  p h th a la te  1 .5  m l.
B enzy l d im e th y l  a m in e  1 .0  m l.
S p e c im e n s  w e re  t r e a t e d  in  th e  sam e  m an n er  a s  t h o s e  o f T . m a r t i n i , 
e x c e p t  s e c t io n s  of M . h a p la  w e re  s t a i n e d  w i th  2% a q u e o u s  l e a d  o x id e .—  
for 15 m in u te s  a n d  th e n  w i th  2% a q u e o u s  u r in y l  a c e t a t e  fo r 30 m in u te s .
RESULTS
T y len c h o rh y n c h u s  m artin i
S e c t io n s  of m a tu re  fe m a le s  of sw arm ing  an d  n o n sw arm ing  T . 
m artin i  v ie w e d  an d  p h o to g ra p h e d  u n d er  th e  e le c t r o n  m ic ro s c o p e  show  
th a t  th e  c u t i c l e  i s  a b o u t  1 .0  u th ic k  an d  c o n s i s t s  of s e v e n  la y e r s  (20). 
T h e s e  c u t i c u l a r  l a y e r s  a re  ( l i s t e d  from o u t s id e  to  in s id e ) :  e x te r n a l  
c o r t e x ,  in te r n a l  c o r t e x ,  f i r s t  b o u n d a ry  l a y e r ,  m a tr ix  l a y e r ,  s e c o n d  
b o u n d a ry  l a y e r ,  f ib e r  l a y e r ,  and  th i rd  b o u n d a ry  l a y e r  (F ig . 1 , 4 ) .
The e x te r n a l  c o r te x  i s  th e  o u te rm o s t  l a y e r  of th e  c u t i c l e ,  i t  
a p p e a r s  a s  a n  e l e c t r o n - d e n s e  l a y e r  a b o u t  40 mu t h i c k .  The in te rn a l  
c o r te x  i s  a n  e l e c t r o n - t r a n s p a r e n t  s t ru c tu re  an d  h a s  th e  sam e  t h i c k n e s s  
a s  th e  o u te r  l a y e r .  The f i r s t  bo u n d ary  l a y e r ,  w h ic h  s e p a r a t e s  th e  in te rn a l  
c o r te x  from th e  m a tr ix  l a y e r ,  i s  a n  e l e c t r o n - d e n s e  l a y e r  abou t 50 mu t h i c k .  
T h e se  th re e  o u te r  l a y e r s  a p p e a r  a s  a th ic k  u n i t -m e m b ra n e  c o v e r in g  th e  
e n t i r e  body  of th e  n e m a to d e  in  bo th  th e  s t r i a e  and  i n t e r s t r i a l  re g io n s  .
In  som e re g io n s  of th e  c u t i c l e ,  t h e s e  th r e e  la y e r s  a p p e a r  u n d i f f e r e n t ia te d  
a s  a  th ic k  l in e  .
The m a tr ix  l a y e r  i s  l i g h t - c o l o r e d ,  e l e c t r o n - t r a n s p a r e n t  and  a b o u t  
120 mu in  t h i c k n e s s  . S e p a ra t in g  th e  m a tr ix  l a y e r  from th e  f ib e r  l a y e r  
i s  th e  s e c o n d  b o u n d a ry  l a y e r .  I t  i s  a  dark  d is c o n t in u o u s  l a y e r  and  
p ro b a b ly  s e r v e s  to  c o n n e c t  th e  l a y e r s  a b o v e  a n d  b e lo w  i t  w ith  e ach  
o th e r .  The s e c o n d  b o u n d a ry  l a y e r  i s  a b o u t  60 mu t h i c k .  The f ib e r
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l a y e r  i s  0 , 4 - 0 . 5  u th ic k  an d  h a s  a  low  o p t i c a l  d e n s i ty  s im i la r  to  th e  
m a tr ix .  The th i rd  b o u n d a ry  l a y e r ,  w h ic h  s e p a r a t e s  th e  f ib e r  l a y e r  from 
th e  h y p o d e r m is , h a s  a  h igh  d e n s i ty  an d  e x c e p t in g  th e  o c c u r re n c e  of 
som e l i g h t - c o lo r e d  a r e a s  a p p e a r s  s im i la r  in  s t ru c tu re  to  th e  f i r s t  b o u n d ary  
l a y e r .  It h a s  a t h i c k n e s s  of 6 0 -8 0  m u.
The C u tic le  in  th e  l a t e r a l  f i e ld s  i s  a b o u t  tw o - f o ld  th ic k e r  th a n  in  
o th e r  a r e a s  and  th e  d ep th  of th e  lo n g i tu d in a l  s t r i a e  (g rooves) in  t h e s e  
re g io n s  i s  0 . 7 - 1 . 0  u .  Each l a t e r a l  f ie ld  c o n s i s t s  o f  four lo n g i tu d in a l  
s t r i a e ,  e x c e p t  a t  th e  a n te r io r  an d  p o s te r io r  e n d s  w h e re  th e y  may b e  
re d u c e d  to  th r e e  or tw o s t r i a e .  In  th e  l a t e r a l  f i e l d s ,  th e  c u t i c u la r  la y e r s  
a re  no t c le a r ly  d i f f e r e n t ia te d  an d  th e  la y e r s  , e s p e c i a l l y  th e  m a tr ix  an d  th e  
f ib e r  la y e r s  , a re  much th ic k e r  and  more i r r e g u la r  th a n  in  th e  o th e r  a r e a s  of 
th e  c u t i c l e  (F ig . 2 ) .
S t r ia t io n  o c c u r s  lo n g i tu d in a l ly  an d  t r a n s v e r s ly  in  th e  c u t i c l e  of 
T . m artin i  (F ig . 1 , 3 ) .  Th is  p a t te rn  of s t r i a t io n  s u g g e s t s  th a t  a e r o l a -  
t io n  of th e  c u t i c l e  may o c c u r .  The a v e r a g e  le n g th  o f th e  i n t e r s t r i a l  re g io n s  
i s  ab o u t  1. 0 u .
The in te r n a l  c u t i c l e ,  w h ic h  l i n e s  a l l  th e  n a tu ra l  o p e n in g s  of th e  
n em a to d e  b o d y ,  i s  s im i la r  in  s t ru c tu re  to  th e  e x te r n a l  c u t i c l e  (F ig . 3 ) .  
L o n g i tu d in a l  s e c t i o n s  th ro u g h  th e  a n a l  o p en in g  show  th a t  th e  lo w e r  s id e  
i s  l in e d  w ith  a  c u t i c l e  s im i la r  to  th e  e x te r n a l  c u t i c l e .  The th re e  o u te r  
l a y e r s  (on th e  u p p e r  s id e  of th e  a n a l  open ing) a p p e a r  norm al b u t th e  
lo w e r  l a y e r s  a re  i r r e g u la r  in  s h a p e .
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The h y p o d e rm is  i s  a  th in  tu b u la r  l a y e r  a b o u t  80 mu th ic k  ly ing  
b e n e a th  th e  c u t i c l e .  This  l a y e r  b u lg e s  in to  th e  body  c a v i ty  a t  four 
p l a c e s  to  form th e  c h o rd s ;  th e  tw o  l a t e r a l  c h o rd s  a re  l a rg e  an d  th e  
d o r s a l  and  v e n t r a l  ch o rd s  a re  sm a l l  (F ig . 4 , 5 ) .
The C u t i c l e  of Sw arm ing and  N onsw arm inq  T. m artin i
There  a re  m o rp h o lo g ica l  d i f f e r e n c e s  b e tw e e n  th e  c u t i c l e  of 
sw arm ing  a n d  n o n sw arm in g  p o p u la t io n s  of T . m a r t in i .  Such d i f f e r e n c e s  
a p p e a r  in  sw arm ing  s p e c im e n s  a s  m o d if ic a t io n s  in  som e c u t i c u l a r  l a y e r s , 
e s p e c i a l l y  th e  c o r te x  and  th e  f ib e r  l a y e r s .  In  many s e c t i o n s  o f sw a rm ­
in g  sp e c im e n s  c h a n g e s  in  th e  o u te r  l a y e r s  of t h e  c u t i c l e  w e re  d e t e c t e d .  
T h e s e  c h a n g e s  p ro b a b ly  s t a r t e d  a t  th e  e d g e s  o f  th e  i n t e r s t r i a l  re g io n s  
(F ig . 5) a s  a  s w e l l in g  in  th e  e x te r n a l  c o r te x  an d  s e p a r a t io n  of th e  tw o  
c o r t i c a l  l a y e r s  from e a c h  o th e r .  In  l a t e r  s t a g e s  t h e s e  c h a n g e s  e x te n d e d  
th ro u g h o u t th e  i n t e r s t r i a l  re g io n s  (F ig .  6 ) .  In  som e s p e c im e n s ,  
abnorm al b r ig h t  l i g h t - c o lo r e d  s p o ts  o c c u r re d  in  th e  m a tr ix  an d  f ib e r  la y e r s  
in  a d d i t io n  to  th e  c h a n g e s  in  th e  c o r te x  (F ig . 7 ) .  S e c t io n s  of n o n sw a rm ­
ing  s p e c im e n s  of T_. m art in i  sh o w e d  no c h a n g e s  in  th e  c u t i c u l a r  la y e r s  
an d  th e  c u t i c l e  a p p e a re d  in t a c t  (F ig . 1).
M e lo id o g y n e  h a p l a .  Adult F em ale
E lec tro n  m ic ro g ra p h s  of M . h a p la  a d u l t  fe m a le s  show  th e  c u t i c l e  
a s  a  m u l t i l a y e re d  s t ru c tu re  ra n g in g  in  t h i c k n e s s  from 2 .2  u a n te r io r ly
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to  3 .4  u in  th e  p o s te r io r  r e g io n s .  The c u t i c l e  c o n s i s t s  of four m ain  
la y e r s :  c o r t e x ,  m a tr ix ,  f ib e r  and  b a s a l  l a y e r  (F ig . 9 ) .
The c o r te x  a p p e a r s  a s  a  da rk  l in e  c o v e r in g  th e  e n t i r e  c u t i c l e  and  
is  ab o u t  80 mu t h i c k .  Three c o r t i c a l  l a y e r s  c a n  be  d i s t i n g u i s h e d ,  
p a r t i c u la r ly  in  th e  a n te r io r  s t r i a t e d  p o r t io n  of th e  body : d e n s e  e x te r n a l  
l a y e r ,  l ig h t  m ed ian  l a y e r ,  an d  d e n s e  in n e r  l a y e r  (F ig . 11). Each c o r t ic a l  
l a y e r  i s  ab o u t 30 mu th ic k  an d  to g e th e r  th e y  a p p e a r  a s  a  t r i p l e - l a y e r e d  
u n i t  m em b ran e .  T h e s e  la y e r s  a re  u n d i f f e r e n t ia te d  in  t h e  p o s te r io r  
re g io n s  of th e  body  (F ig . 9 ) .
The m a tr ix  i s  a  d e n s e  in te r ru p te d  la y e r  ly in g  b e n e a th  th e  c o r te x  
an d  ran g in g  in  th i c k n e s s  from 0 .3  u p o s te r io r ly  to  1 ,0  u a n te r io r ly .
The f ib e r  l a y e r  i s  1 . 4 - 2 . 5  u t h i c k ,  i s  l e s s  d e n s e  th a n  th e  m a tr ix ,  
a n d  i s  no t s e p a r a t e d  from o th e r  la y e r s  by  b o u n d a r i e s .  T hree  f ib e ra l  
z o n e s  c a n  b e  s e e n  (F ig . 10). They a re :  o u te r  f ib e r  z o n e ,  a b o u t  0 .5  u 
th ic k ;  m idd le  f ib e r  z o n e , a b o u t  1 .0  u t h i c k , a n d  in n e r  f ib e r  z o n e , abou t 
0 .4  u t h i c k .  The b a s a l  l a y e r  i s  v e ry  l i g h t - c o l o r e d ,  d is c o n t in u o u s  la y e r  
ab o u t  0 .5  u t h i c k ,  E ither th e  in n e r  f ib e r  l a y e r  or th e  b a s a l  la y e r  i s  
a t t a c h e d  to  th e  h y p o d e rm is  .
S t r ia t io n  o c c u r s  bo th  lo n g i tu d in a l ly  an d  t r a n s v e r s ly  in  th e  c u t i c l e  
of a d u l t  f e m a le s  of_M. h a p la  (F ig . 11 , 13), T hree  ty p e s  of a n n u la t io n s  
h a v e  b e e n  found; t h e s e  a re  th e  re g u la r - ty p e  (F ig . 11), tj ie  r i s in g - ty p e  
(F ig . 12), a n d  th e  s e r r a t e - ty p e  (F ig . 13). S t r ia t io n  o c c u r s  in  th e  
a n te r io r  p o r t io n  of th e  body  an d  in  t h e  p e r in e a l  r e g io n .  The c u t i c l e
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a p p e a r s  s t r e t c h e d  in  th e  m idd le  re g io n  of th e  n e m a to d e  body  b e c a u s e  i t  
i s  w i th o u t  a n n u la t io n  (F ig .  9 ) .
The h y p o d e rm is  i s  2 . 5 - 3 . 0  u t h i c k  a n d  c o n ta in s  m any  p ro to ­
p la sm ic  s t r u c tu r e s  in  a  s y n c y t i a l  l a y e r  (u n in te r ru p te d  c e l l u l a r  s tru c tu re )  
(F ig .  9 ) .  T he ir  d ia m e te r s  in  m ic ro n s  a re :  n u c le i  1 . 2 - 2 . 8 ,  m ito ch o n d ria  
0 . 5 - 1 . 2 ,  l ip id  b o d ie s  0 . 4 - 0 . 6 ,  a n d  p ro te in  b o d ie s  a v e ra g in g  0 . 7 .
M e lo id o g y n e  h a p l a .  S e c o n d  S ta g e  Larva
The c u t i c l e  of th e  s e c o n d  s t a g e  la rv a  of M .  h a p la  i s  a b o u t  1 .6  u 
t h i c k .  I t  i s  m u l t i l a y e re d  an d  d e e p ly  s t r i a t e d .  The a v e r a g e  le n g th  of th e  
i n t e r s t r i a l  r e g io n s  i s  a b o u t  0 . 4  u a n d  d e p th  of th e  s t r i a e  is  a b o u t  0 .3  u 
(F ig . 14 , 15).
The o u te rm o s t  l a y e r  o f  th e  c u t i c l e ,  th e  c o r t e x ,  i s  a n  e l e c t r o n -  
d e n s e  l a y e r  a b o u t  0 .0 5  u in  t h i c k n e s s .  Lying b e n e a th  th e  c o r te x  i s  an  
e l e c t r o n - t r a n s p a r e n t  l ,ayer, th e  m a t r ix ,  w h ic h  i s  d i s s e c t e d  by  th e  s t r i a e  
o f  th e  c o r t e x .  The m a tr ix  h a s  a t h i c k n e s s  of 0 .2  u .  B enea th  th e  m atr ix  
i s  th e  f ib e r  l a y e r ,  in  w h ic h  tw o  z o n e s  c a n  b e  d i s t i n g u i s h e d :  an  o u te r  
z o n e  and  a n  in n e r  z o n e .  The o u te r  f ib e r  z o n e  i s  a b o u t  0 .3  u th ic k ;  in  
o b l iq u e  lo n g i tu d in a l  s e c t i o n s ,  i t  a p p e a r s  a s  a  l a m e l l a t e  or p a l i s a d e ­
l ik e  a r ra y  of d e n s e  s t r u c tu r e s  (F ig . 15 ). The in n e r  f ib e r  z o n e  i s  a b o u t  
0 . 8  u  th ic k ;  i t  c o n ta in s  6 d a rk  b a n d s  w h ic h  a re  s e p a r a te d  from e a c h  
o th e r  by  l i g h t - c o lo r e d  a r e a s  (F ig .  14 ) .
The h y p o d e rm is  l i e s  b e tw e e n  th e  c u t i c l e  a n d  th e  m u s c le  r e g io n s .
It  a p p e a r s  a s  a  tu b u la r  p ro to p la s m ic  l a y e r  an d  h a s  d a rk  p a r t i c l e s ,  a b o u t
24
0 .2  u in  d ia m e te r ,  s c a t t e r e d  th ro u g h o u t  i t s  v o lu m e .  The h y p o d e rm is  
b u lg e s  in  fo u r  re g io n s  to  form tw o la rg e  l a t e r a l  c h o rd s  a n d  a  sm a l l  
d o r s a l  an d  v e n t r a l  c h o rd .  I t s  t h i c k n e s s  i s  a b o u t  0 .4  u (F ig . 14, 17).
The m u s c le  re g io n  c o n s i s t s  of e l l i p t i c a l - s h a p e d  c e l l s ,  f i l l in g  th e  
a r e a s  b e tw e e n  th e  h y p o d e rm a l c h o r d s .  The t h i c k n e s s  of t h i s  l a y e r  i s  
a b o u t  2 .0  u (F ig . 14, 15, 17).
C r o s s - s e c t i o n s  in  th e  a n te r io r  p a r t  of th e  body  o f  s e c o n d  s ta g e  
l a r v a ,  show  th a t  t h e  e s o p h a g u s  h a s  a n  e l l i p t i c a l  s h a p e  w i th  a  d ia m e te r  
of 14 -30  u .  The e s o p h a g e a l  lum en  i s  t r i r a d i a t e  in  form w ith  tw o  s u b -  
v e n t r a l  r a d i i  and  o n e  d o r s a l  ra d iu s ;  a v e r a g e  d ia m e te r  of e a c h  r a d iu s  is  
a b o u t  5 .0  u (F ig . 16, 17). Along bo th  s id e s  of e a c h  lum en  r a d iu s  i s  a 
p a i r  of t o o t h - l i k e  c u t i c u l a r  t h i c k e n i n g s ,  and  in  a d d i t io n  th e r e  i s  a 
c u t i c u la r  th ic k e n in g  of th e  w a l l  of th e  e s o p h a g e a l  lum en  (F ig , 16, 17). 
Th is  c u t i c u la r  th ic k e n in g  i s  c o m p o se d  o f in d iv id u a l  p l a t e l e t s  a r ra n g ed  
in  lo n g i tu d in a l  r o w s ,  w h ic h  a p p e a r  in  so m e  s e c t i o n s  p a r a l l e l  to  e ach  
o th e r  and  in  o th e r  s e c t i o n s  c r o s s in g  e a c h  o th e r  to  form s c i s s o r - s h a p e d  
s t r u c tu r e s  (F ig . 18).
A c a v i ty  in  th e  d o r s a l  r a d iu s  of th e  e s o p h a g e a l  lum en  c a n  be  
s e e n  in  t h e  p o s te r io r  p a r t  of th e  e s o p h a g u s  (F ig . 18). The d o r s a l  
r a d i u s ,  in  th e  re g io n  a d ja c e n t  to  th e  i n t e s t i n e ,  a p p e a r s  to  b ra n c h  at. 
i t s  t i p  to  form s m a l l  tu b u le s  w h ic h  o p e n  in to  th e  i n t e s t i n a l  t i s s u e  
(F ig . 19).
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F igure  1. C ro s s  s e c t i o n  th ro u g h  th e  c u t i c l e  of T y len c h o rh y n c h u s  
. m a r t i n i , n o n sw a rm e r  (X 2 2 ,0 0 0 ) .
27
Figure  2 .  C ro s s  s e c t i o n  th ro u g h  th e  c u t i c l e  o f  T . m a r t in i ,  sw a rm er ,  
sh o w in g  th e  l a t e r a l  f i e ld s  (X 2 3 ,0 0 0 ) .
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Figure  3 .  L o n g i tu d in a l  s e c t io n  th ro u g h  th e  a n a l  o p e n in g  of T .
m a r t in i , sw a rm er ,  sh o w in g  in te r n a l  c u t i c l e  (X 1 5 ,6 0 0 ) .
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F igure  4 .  C ro s s  s e c t i o n  th ro u g h  th e  e s o p h a g e a l  re g io n  of T. m a r t in i , 
s w a rm e r ,  sh o w in g  th e  c u t i c l e ,  h y p o d e rm is ,  m u sc le  c e l l s  
an d  th e  e s o p h a g e a l  lum en  (X 1 3 ,5 0 0 ) .
Figure  5 .  O b liq u e  c r o s s  s e c t i o n  th ro u g h  th e  c u t i c l e  of T. m a r t in i ,  
sw a rm er ,  sh o w in g  c h a n g e s  a t  th e  e d g e s  o f  th e  i n t e r s t r i a l  
re g io n s  ( a r ro w s ) , e a r ly  s t a g e  in  c h a n g e  from n o n sw arm in g  
to  sw arm ing  c o n d i t io n  (X 2 6 ,5 0 0 ) .
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Figure  6 . O b liq u e  lo n g i tu d in a l  s e c t io n  of th e  c u t i c l e  of T_. m a r t in i , 
sw a rm er ,  sho w in g  m o rp h o lo g ica l  c h a n g e s  in  th e  o u te r  
l a y e r s , l a te  s ta g e  in  c h a n g e  from n o n sw arm in g  to  
sw arm ing  c o n d i t io n  (X 2 3 ,5 0 0 ) .
32
Figure  7 . C ro s s  s e c t io n  th ro u g h  th e  c u t i c l e  of T . m a r t i n i , sw a rm er ,  
sh o w in g  b r ig h t  c o lo r e d - s p o t s  in  th e  m a tr ix  an d  th e  f ib e r  
l a y e r s  ( a r ro w s ) , l a t e  s t a g e  in  c h a n g e  from n o n sw arm in g  to  
sw arm ing  c o n d i t io n  (X 2 5 ,5 0 0 ) .
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Figure  8 .  O b liq u e  lo n g i tu d in a l  s e c t i o n  th ro u g h  th e  c u t i c l e  of
T. m artini, swarmer, show ing a cuticular canal (X 2 8 , 8 0 0 ) .
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F igure  9 .  L o n g i tu d in a l  s e c t io n  th ro u g h  th e  body  w a l l  of M elo id o g y n e  
h a p l a . a d u l t  f e m a le ,  sh o w in g  4 c u t i c u la r  la y e r s  an d  th e  
h y p o d e rm is  (X 9 ,1 0 0 ) .
Figure  10.  L o n g i tu d in a l  s e c t i o n  th ro u g h  the  c u t i c l e  o f  M .  h a p l a .
a d u l t  f e m a l e ,  sh o w in g  3 f i b e r a l  z o n e s  (X 7 , 5 0 0 ) .
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Figure  1 1 ,  Three  c o r t i c a l  l a y e r s  (arrows) in  t h e  c u t i c l e  of  M_. h a p l a . 
a d u l t  f e m a l e .  Note  t h e  r e g u l a r - t y p e  a n n u l a t i o n .
A, O b l iq u e  c r o s s  s e c t i o n  (X 1 8 , 0 0 0 ) .  B. Lo n g i tu d in a l  
s e c t i o n  (X 1 5 , 0 0 0 ) .
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Figure  12 .  L o n g i tu d in a l  s e c t i o n  th ro u g h  th e  c u t i c l e  of JM. h a p l a ,  
a d u l t  f e m a l e , show ing  r i s i n g - t y p e  a n n u la t i o n  
(X 1 4 , 0 0 0 ) .
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Figure  13,  L ong i tud ina l  s e c t i o n  th ro u g h  th e  c u t i c l e  o f  M ,  h a p l a . 
a d u l t  f e m a l e ,  sh o w in g  s e r r a t e - t y p e  a n n u l a t i o n  
(X 1 0 ,5 0 0 ) .
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Figure  14 .  The body  w a l l  of  M .  h a p l a ,  s e c o n d  s t a g e  l a r v a .
A. L o n g i tu d in a l  s e c t i o n  ( X  1 0 , 5 0 0 ) .
B. O b l iq u e  c r o s s  s e c t i o n  ( X  1 1 , 0 0 0 ) .
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Figure 15 .  The body  w a l l  of M . h a p l a , s e c o n d  s t a g e  l a r v a .
A. O b l iq u e  c r o s s  s e c t i o n  (X 6 , 5 0 0 ) .
B. L o n g i tu d in a l  s e c t i o n  (X 1 7 , 0 0 0 ) .
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Figure  16 .  C r o s s  s e c t i o n  th ro u g h  t h e  e s o p h a g e a l  lum en of M .
h a p l a , s e c o n d  s t a g e  l a r v a .  A. A n te r io r ly  (X 20T000) .  
B. P o s t e r i o r l y  (X 1 5 , 5 0 0 ) .
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F ig u r e  17 .  C r o s s  s e c t i o n  th ro u g h  th e  e s o p h a g e a l  r e g io n  of M_. h a p l a , 
s e c o n d  s t a g e  la rv a  (X 3 , 6 0 0 ) .
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Figure  18.  E n la rged  po r t io n  o f  th e  e s o p h a g e a l  lum en r a d i u s  of M .
h a p l a . s e c o n d  s t a g e  l a r v a .  A. Showing  p a r a l l e l  s h a p e  
c u t i c u l a r i z a t i o n  an d  a  c a v i t y  in  t h e  r a d i u s  w a l l  (X 2 7 ,  1 00) .  
B. Showing  s c i s s o r  s h a p e  c u t i c u l a r i z a t i o n  (X 2 8 , 5 0 0 ) .
Figure  19 .  D o r s a l  r a d i u s  of t h e  e s o p h a g e a l  lumen of M_. h a p l a , 
s e c o n d  s t a g e  l a r v a ,  sh o w in g  a b ran ch in g  t i p  of the  
r a d i u s  n e a r  th e  i n t e s t i n a l  t i s s u e s  (X 1 8 , 0 0 0 ) .
DISCUSSION
The v a l u e  of  e l e c t r o n  m ic ro s c o p y  in  t h e  s tu d y  of n e m a to d e  s t ru c tu re  
h a s  b e e n  d e m o n s t r a t e d  r e c e n t l y  in  a  s e r i e s  of p u b l i c a t i o n s  (2,  3 ,  2 4 ,  26 ,  
2 7 ,  4 2 ,  4 4 ) .  H o w e v e r ,  t h e s e  s t u d i e s  h a v e  d e a l t  ma in ly  w i th  t h e  l a rge r  
a n i m a l - p a r a s i t i c  n e m a t o d e s  , e s p e c i a l l y  of t h e  g e n e r a  A s c a r i s  ,
P a r a s c a r i s  , and  C a p i l l a r i a ,  on  w h ic h  s t a n d a r d  m e thods  of t i s s u e  p r e p a r a ­
t i o n  for t h e  e l e c t r o n  m ic r o s c o p e  h a v e  b e e n  a d e q u a t e .
There  a r e  a t  l e a s t  tw o  d i f f i c u l t i e s  in  t h e  p r e p a r a t io n  of s m a l l e r  
n e m a t o d e s  for e l e c t r o n  m ic ro s c o p y  w h ic h  a r e  not e n c o u n te r e d  in  th e  
p r e p a ra t io n  o f  l a r g e r  s p e c i e s :  i n f i l t r a t i o n  of t h e  n e m a to d e  w i th  a  s u i t ­
a b l e  em bedd ing  medium and  o r i e n t a t i o n  of t h e  s p e c i m e n s  . T h e s e  p rob lem s  
w e re  e n c o u n te r e d  by  t h e  w r i t e r  e s p e c i a l l y  i n  t h e  c a s e  of  T y l en c h o rh y n c h u s  
m ar t in i  s p e c i m e n s . Random o r i e n t a t i o n  of  t h e s e  a n im a l s  in  t h e  em bedd ing  
b lo c k  d id  no t  permit  e f f i c i e n t  s e c t i o n i n g  an d  a n  e x c e s s i v e  am ount  of 
t i s s u e  w e re  l o s t  in  mount ing  on  t h e  c o p p e r  g r id s  for v iew in g  u n d e r  t h e  
e l e c t r o n  m i c r o s c o p e .
The p r e s e n t  s tu d y  s h o w s  t h a t  t h e  c u t i c l e  of T .  m ar t in i  c o n s i s t s  of
th r e e  main  l a y e r s :  c o r t e x ,  m a t r ix ,  and  f ib e r  l a y e r s .  T h e s e  l a y e r s  a re
s e p a r a t e d  from e a c h  o th e r  by tw o  b o u n d a ry  l a y e r s  and  t h e  f ib e r  l a y e r  in
tu rn  i s  s e p a r a t e d  from t h e  h y p o d e rm is  by  a  t h i r d  bo u n d a ry  l a y e r .  The
r e s u l t s  show th a t  t h e  c u t i c u l a r  morphology  of  T. m ar t in i  e m b r a c e s  th e
g e n e r a l  c o n c e p t  of t h e  n e m a to d e  c u t i c l e  a s  i t  i s  u n d e r s to o d  a t  t h e  
p r e s e n t  t i m e .
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Three  b a s i c  c u t i c u l a r  l a y e r s  h a v e  b e e n  d e s c r i b e d  in  H e te r o d e ra  
g l y c i n e s  a n d  H o p lo la im u s  ty l e n c h i f o r m is  by  H i r s c h m a n n ,  1960 (14).  
E lec t ro n  m ic r o s c o p y  w a s  u s e d  to  d e m o n s t r a t e  n in e  l a y e r s  in  t h e  c u t i c l e  
of  A s c a r i s  l u m b r ic o id e s  (3 , 4 2 ) ,  b u t  t h e s e  l a y e r s  a re  s im ply  d e r i v a t i v e s  
of t h e  t h r e e  b a s i c  l a y e r s .  An i n c r e a s e  i n  t h e  number  of  v i s i b l e  l a y e r s  
h a s  b e e n  a t t r i b u t e d  to  t h e  l a r g e  s i z e  of a s c a r i d  n e m a t o d e s  (14) .  H o w ­
e v e r  t h e  p r e s e n t  r e s u l t s  and  t h o s e  of  H i r s c h m a n n  d e m o n s t r a t e  t h e  c u t i c l e  
(of sm a l l  n e m a to d e s )  to  be  e q u a l l y  c o m p le x .
A s t r ik in g  f e a tu r e  of t h e  c u t i c l e  of sw arm ing  s p e c i m e n s  o f  T . 
m ar t in i  i s  t h e  m o rp h o lo g ica l  c h a n g e s  in  some c u t i c u l a r  l a y e r s .  T h e s e  
c h a n g e s  i n c l u d e  s w e l l i n g  of t h e  e x t e r n a l  c o r t e x ,  s e p a r a t i o n  of t h e  two 
c o r t i c a l  l a y e r s ,  an d  b r ig h t ,  l i g h t - c o l o r e d  s p o t s  in  t h e  m a tr ix  an d  th e  
f ib e r  l a y e r s .  It s e e m s  l i k e ly  t h a t  t h e s e  c h a n g e s  or m o d i f i c a t i o n s  in  th e  
c u t i c l e ,  e s p e c i a l l y  t h e  rup tu r ing  a n d  s w e l l i n g  of t h e  o u t e r  l a y e r ,  a re  
r e l a t e d  t o  t h e  s t i c k y  c o n d i t i o n  of t h e  c u t i c l e  of sw arm ing  s p e c i m e n s .
The c u t i c l e  of  n o n sw arm in g  s p e c i m e n s  of  T . m ar t in i  s h o w e d  no m orpho­
l o g i c a l  c h a n g e s  an d  a p p e a r e d  i n t a c t  (22).
Rogers  (35 , 36) s u g g e s t e d  t h a t  molt ing an d  h a t c h i n g  of f r e e -  
l iv in g  n e m a t o d e s  a re  c o n t r o l l e d  and  c o o r d i n a t e d  by  som e  i n t e r n a l  
m e c h a n i s m  in  t h e  a n i m a l .  I n t e r n a l  s e c r e t i o n  may r e g u l a t e  t h e  t im e  of 
p ro d u c t io n  of s u b s t a n c e s  w h i c h  c a u s e  m ol t ing  and  h a t c h i n g .  He fu r ther  
s u g g e s t s  t h a t  in  p a r a s i t i c  s p e c i e s , pa r t  of  t h i s  m e c h a n i s m  might  b e  lo s t  
so  t h a t  t h e  p a r a s i t e  c o u ld  d e p e n d  on  t h e  h o s t  to  r e p l a c e  i t .  The h o s t
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might  p rov ide  a  s t im u lu s  w h ic h  i n d u c e s  t h e  n e m a to d e  to  p ro d u ce  th e  
i n t e r n a l  s e c r e t i o n s  or might p rov ide  s u b s t a n c e s  w h ic h  r e p l a c e  t h e  
m is s in g  in t e r n a l  s e c r e t i o n s .
The m o rp h o lo g ica l  d i f f e r e n c e s  b e t w e e n  swarm ing  and  n o n s w a r m ­
ing s p e c i m e n s  of T_;_ mart in i  i n d i c a t e  t h a t  swarming may b e  i n i t i a t e d  by 
a n  in t e r n a l  m e c h a n i s m  s im i la r  to  t h a t  d e s c r i b e d  for h a tc h i n g  a n d  molt ing 
in  n e m a to d e s  by  Rogers  (35) .  In t e rn a l  s e c r e t i o n s  may in d u c e  t h e  abnorm al  
c h a n g e s  in  t h e  c u t i c l e  a s  t h e y  r e a c h  t h e  o u te r  l a y e r s .  S p e c i a l  c u t i c u l a r  
c a n a l s  (Fig.  8) in  t h e  c u t i c l e  may b e  fu n c t io n in g  a s  a v e n u e s  for th e  
i n t e r n a l  s e c r e t i o n s .
Rupturing or d i s i n t e g r a t i o n  of t h e  e x t e r n a l  c o r t e x  of swarm ing  
s p e c i m e n s  of  T . mart in i  p robab ly  i s  due  to  t h e  e f f e c t  of t h e  i n t e r n a l  
s e c r e t i o n  on  t h i s  l a y e r .  As a r e s u l t  of  t h i s ,  more m a te r i a l  of t h e  
e x t e r n a l  c o r t e x  w i l l  b e  e x p o s e d  to  t h e  su r round ing  e n v i ro n m e n t .  A s s o c i a ­
t i o n  o f  w a t e r  m o le c u le s  w i th  t h e  e x p o s e d  c u t i c u l a r  m a te r i a l  may r e s u l t  in  
a s w e l l e n  g e l - l i k e  s t r u c t u r e .  This  g e l a t i o n  and  s w e l l i n g  cou ld  a c c o u n t  
for t h e  s t i c k y  c o n d i t i o n  m a n i f e s t e d  in  t h e  movement  of s w a rm ers  (17 ,  3 1 ,  
32) .
The i n d u c t io n  of  swarm ing  in  T_. m ar t in i  by  r a p id ly  g rowing p l a n t s
an d  by  c o m p le te  n u t r i t io n  of t h e  h o s t  i n  g r e e n h o u s e  t e s t s  (17,  31 ) ,
g i v e s  suppor t  to  t h e  ab o v e  i d e a ,  t h a t  swarm ing  i s  i n i t i a t e d  by an
in t e r n a l  m e c h a n i s m  or s t i m u l u s .  The in d u c t io n  of swarm ing  a l s o
sh o w e d  t h a t  t h e  p h e n o m en o n  i s  t h e  r e s u l t  of n e m a to d e  p o p u la t io n  
r e s p o n s e s  to  a  s u p e r a b u n d a n t  food l e v e l .
W a l l a c e  (41) s t a t e d  t h a t  in  som e  s p e c i e s  a n  e x t e r n a l  s t im u lu s  
from t h e  h o s t  i s  n e c e s s a r y  to  i n i t i a t e  mol t ing  a n d  t h a t  t h e  e x c r e to r y  
s y s t e m  may be  c o n n e c t e d  in  som e  w a y  w i th  t h i s  p r o c e s s .  On t h e  o th e r  
h a n d ,  t h e  s t im u lu s  to  molt  may b e  r e l a t e d  to  n u t r i t io n  an d  g ro w th .
C h a n g e s  in  t h e  morpho logy  of t h e  c u t i c l e  h a v e  b e e n  re p o r te d  i n  
some n e m a t o d e s .  A l len ,  1957 (1) ,  r e p o r t e d  t h a t  o n e  of  t h e  m os t  
d ra m a t ic  c h a n g e s  in  t h e  c u t i c l e  of t h e  g e n u s  T r ichodorus  i s  t h e  i n c r e a s e  
in  t h i c k n e s s  w i t h  d e a t h .  Van G undy  (40) o b s e r v e d  t h e  s w e l l i n g  of t h e  
c u t i c l e  of T r ichodorus  w h e n  d e a th  o c c u r r e d  in  d i s t i l l e d  w a t e r  w i th o u t  
a ny  h e a t  or o th e r  f i x a t io n  of  t h e  n e m a t o d e s .  S u p e r f i c i a l l y ,  t h i s  
r e s e m b l e s  a  c h a n g e  in  the  c h e m i c a l  s t ru c tu r e  w h e r e b y  w a t e r  i s  r a p id ly  
im b ib e d  by t h e  c u t i c l e ,  c a u s i n g  i t  to  s w e l l .  This  d e m o n s t r a t e s  t h a t  
l iv in g  p r o c e s s e s  in  t h e  n e m a to d e  may h a v e  som e  c o n t ro l  and  r e g u l a t i o n  
o v e r  t h e  b io c h e m is t r y  of t h e  c u t i c l e .
It h a s  b e e n  sh o w n  by Anya (2) t h a t  th e  i n n e r  c o r t e x  in  A s p i c u l u r i s , 
S y p h a c i a  a n d  A s c a r i s  c o n t a i n e d  r i b o n u c l e i c  a c i d  (RNA), a n d  th e  major 
s t r u c t u r a l  p ro te in  of t h e  c u t i c l e  i s  a  c o l l a g e n .  He s u g g e s t e d  t h a t  t h e  
i n n e r  c o r t e x  i s  in v o lv e d  in  p ro t e in  s y n t h e s i s .
The c u t i c l e  of n e m a t o d e s  g row s  a f t e r  t h e  f in a l  molt  bu t  t h e  
s y n t h e s i s  of p r o t e i n s  of t h e  c u t i c l e  h a s  a lw a y s  b e e n  a s s u m e d  t o  b e  a 
f u n c t io n  of t h e  hy p o d e rm is  (7 ,  4 2 ) .  Such  a  v iew  f inds  su p p o r t  in  t h e  
h igh  c o n c e n t r a t i o n  of e n z y m e s ,  r e s e r v e d  food m a t e r i s l ,  s u c h  a s  g ly c o g e  
a n d  l i p i d s ,  a n d  RNA in  t h e  hy p o d e rm is  of  many n e m a t o d e s  (9 ,  2 6 ,  4 2 ) .
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W a t s o n  (42) b e l i e v e s  t h a t  in  A s c a r i s  t h e  p r e c u r s o r s  of t h e  c u t i c u l a r  
p ro t e in s  a re  s e c r e t e d  from th e  hy p o d e rm is  th rough  a s y s t e m  o f  c a n a l s  
d e s c r i b e d  by  h e r .  The s y s t e m  o f  c a n a l s  may b e  n e c e s s a r y  if  t h e y  w e re  
n e e d e d  for t h e  t r a n s p o r t  of  m a c ro m o le c u le s  from th e  h ypoderm is  to  t h e  
o u te r  l a y e r s  of  t h e  c u t i c l e .  I f ,  on  t h e  o th e r  h a n d ,  s y n t h e s i s  of t h e  
ip a c r o m o le cu le s  w h ic h  c o n s t i t u t e  t h e  o u t e r  l a y e r s  t a k e s  p l a c e  in  a l o c a ­
t i o n  in  t h e  o u te r  l a y e r s  , a s  s u g g e s t e d  by  Anya (2) ,  t h e n  on ly  t h e  t r a n s ­
port  of  s m a l l e r  m o le c u le s  w o u ld  b e  i n v o l v e d .
The c l a r i t y  w i th  w h ic h  th e  t i s s u e s  of t h e  e s o p h a g u s  of M .  h a p l a ,  
s e c o n d  s t a g e  l a r v a ,  h a v e  b e e n  r e s o l v e d  in  t h i s  s tu d y  p ro v id e s  more 
p r e c i s e  in fo rm a t ion  on  t h e  s t ru c tu r e  an d  f u n c t io n  of t h i s  im por tan t  part  
of  t h e  n e m a to d e  t h a n  c o u ld .b e  o b t a i n e d  w i th  l igh t  m i c r o s c o p y .  The most 
s t r ik in g  f e a tu r e  i s  t h e  c u t i c u l a r  t h i c k e n i n g  of  t h e  lum en  r a d i i  in  t h e  
e s o p h a g u s  and  t h e  fo rm at ion  of 3 p a i r s  of t o o t h - l i k e  t h i c k e n i n g s ,  
a round  t h e  lum en  r a d i i .  T h e s e  c u t i c u l a r  t h i c k e n i n g s  a p p e a r  in  c r o s s -  
s e c t i o n s  a s  l i g h t - c o l o r e d  s t r u c t u r e s  s t r i p e d  b y  dark  c u t i c u l a r  l i n e s  
s im i la r  to  t h o s e  of t h e  e x t e r n a l  c o r t e x .  The dark  c u t i c u l a r  l i n e s  a re  
o r g a n iz e d  in  bo th  p a r a l l e l  and  s c i s s o r  s h a p e s .  This  s u g g e s t s  t h a t  not 
on ly  t h e  c u t i c u l a r  t h i c k e n i n g s  p ro v id e  r ig id i ty  for t h e  e s o p h a g e a l  lum en  
bu t  a l s o  t h e y  p ro v id e  f l e x ib i l i t y  to  t h e  e s o p h a g u s  th rough  t h e i r  l a m e l l a t e  
c o n s t r u c t i o n .
This  s tu d y  s h o w s  for t h e  f i r s t  t im e  t h a t  p o s t e r i o r l y ,  t h e  d o r s a l  
r a d iu s  of  t h e  e s o p h a g e a l  lum en  b r a n c h e s  at  i t s  t i p  t o  form sm a l l  t u b u l e s .  
The end  of  t h e s e  t u b u l e s  op en  in  t h e  n e a rb y  t i s s u e  of t h e  i n t e s t i n e .
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The c u t i c l e  of a d u l t  f e m a le s  of  M e lo id o g y n e  h a p la  i s  a  th ic k  
m u l t i l a y e re d  n o n c e l l u l a r  s t r u c t u r e .  Four main  l a y e r s  w e r e  d e t e c t e d :  
c o r t e x ,  m a t r ix ,  f i b e r ,  a n d  b a s a l  l a y e r .  The c o r t e x  a p p e a r e d  to  c o n ­
s i s t  o f  3 l a y e r s :  e x t e r n a l ,  i n t e r n a l ,  an d  b o unda ry  l a y e r .  T h e s e  l a y e r s  
b e a r  a  g re a t  s im i l a r i t y  to  t h e  o u te r  3 l a y e r s  of th e  c u t i c l e  of T_. m a r t i n i . 
The m a tr ix  h a s  a  d e n s e  s t r u c tu r e  an d  i s  not s e p a r a t e d  from th e  f ibe r  
l a y e r  by  a bo u n d a ry  l a y e r  a s  in  T . m a r t i n i . The f ib e r  l a y e r  c o n s i s t s  of 
3 f ib e r  z o n e s  w h ic h  c a n  b e  d i f f e r e n t i a t e d  p a r t i c u l a r ly  in  t h e  p o s t e r i o r  
r e g io n ,  b e c a u s e  of t h e  o v e r a l l  t h i c k n e s s  of t h e  f ib e r  l a y e r .  The b a s a l  
l a y e r  i s  ve ry  l ig h t  in  c o lo r  and  i s  s im i l a r  to  t h e  f l u i d - f i l l e d  l a y e r  of 
a d u l t  N ip p o s t ro n g y lu s  b r a s i l i e n s i s  (27).
This  s tu d y  sh o w s  t h a t  t h e  c u t i c l e  of bo th  T . m ar t in i  an d  M_. h a p l a , 
a s  w e l l  a s  of  t h e  o th e r  n e m a t o d e s  so  far s t u d i e d ,  i s  n o n c e l l u l a r ,  a s  
o p p o s e d  to  t h e  c e l l u l a r  c u t i c l e  or  in te g u m e n t  of c e s t o d e s  (37) and  
t r e m a to d e s  (6).
SUMMARY
1. E lec t ron  m ic ro sco p y  of swarm ing  a n d  n onsw arm ing  p o p u la t io n s  
of T v len c h o rh v n c h u s  mart in i  r e v e a l e d  t h a t  t h e  c u t i c l e  c o n s i s t e d  
of s e v e n  l a y e r s  . T h e s e  c u t i c u l a r  l a y e r s  w e r e  ( l i s t e d  from o u t s i d e  
to  i n s id e ) ;  e x t e r n a l  c o r t e x ,  i n t e r n a l  c o r t e x ,  f i r s t  b ounda ry  l a y e r ,  
m a t r ix ,  s e c o n d  b o unda ry  l a y e r ,  f ibe r  l a y e r ,  and  th i r d  b ounda ry  
l a y e r .
2 . The c u t i c l e  in  t h e  l a t e r a l  f i e l d s  w a s  ab o u t  tw o - f o l d  t h i c k e r  t h a n  in  
o th e r  a r e a s .  Each l a t e r a l  f i e ld  c o n s i s t e d  of four l o n g i tu d in a l  s t r i a e ,  
e x c e p t  a t  th e  a n te r io r  and  p o s t e r io r  e n d s  w h e r e  t h e r e  w e r e  tw o  or 
t h r e e  s t r iae . .
3 .  M o rp h o lo g ic a l  d i f f e r e n c e s  b e t w e e n  th e  c u t i c l e  of  swarm ing  and  
non sw arm in g  s p e c i m e n s  of T . mart in i  a p p e a r e d  in  sw arm ing  s p e c i ­
mens  a s  c h a n g e s  or  m o d i f ic a t io n s  i n  some c u t i c u l a r  l a y e r s . T h e se  
c h a n g e s  p ro b ab ly  s t a r t e d  a t  t h e  e d g e s  of t h e  i n t e r s t r i a l  r e g io n s  a s  
s w e l l i n g s  in  t h e  e x t e r n a l  c o r t e x  an d  a s  a  s e p a r a t i o n  of t h e  two 
c o r t i c a l  l a y e r s  from e a c h  o t h e r .  In  l a t e r  s t a g e s  t h e s e  c h a n g e s  
e x t e n d e d  th ro u g h o u t  t h e  i n t e r s t r i a l  r e g i o n s .  Some s p e c i m e n s  
e x h i b i t e d  ab norm a l ly  bright,  l i g h t - c o l o r e d  s p o t s  in  t h e  matr ix  and  in  
t h e  f ibe r  l a y e r s  in  a d d i t io n  to  t h e  c o r t i c a l  c h a n g e s .
4 .  The c u t i c l e  of adu l t  f e m a le s  of  M e lo id o g y n e  h a p l a  c o n s i s t e d  of
four main  l a y e r s :  c o r t e x ,  m a t r ix  a n d  f ib e r  l a y e r s  and  a  d i s c o n t in u o u s
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b a s a l  l a y e r .  Three  c o r t i c a l  l a y e r s  w e r e  o b s e r v e d  in  t h e  a n te r io r  
s t r i a t e d  p o r t ion  of t h e  body; t h e s e  w e r e :  a  d e n s e  e x t e r n a l  l a y e r ,  
a l i g h t  m ed ian  l a y e r ,  and  a  d e n s e  i n n e r  l a y e r .  The f ib e r  l a y e r  w a s  
t h e  t h i c k e s t  l a y e r  and  w a s  not s e p a r a t e d  from o th e r  l a y e r s  by  
b o u n d a r i e s .  It c o n s i s t e d  of t h r e e  f ib e r  z o n e s ,  e s p e c i a l l y  in  th e  
p o s t e r io r  r e g io n  of t h e  b o d y .
5 . Three  t y p e s  of s t r i a t i o n s  w e re  o b s e r v e d  in  t h e  c u t i c l e  of a d u l t
f e m a le s  of  M . h a p l a .  They w e re :  r e g u l a r - t y p e ,  r i s i n g - t y p e ,  and  
s e r r a t e - t y p e  s t r i a t i o n .
6 .  The c u t i c l e  of M_. h a p l a , a  s e c o n d - s t a g e  l a rv a  s h o w e d  t h r e e  main 
l a y e r s  from o u t s i d e  to  i n s i d e :  c o r t e x ,  m a t r ix ,  and  f ib e r  l a y e r .  The 
f ib e r  l a y e r  s h o w e d  tw o  z o n e s :  a n  o u te r  z o n e ,  w h ic h  a p p e a r e d  in  
l o n g i tu d in a l  s e c t i o n s  a s  a  p a l i s a d e - l i k e  a r ray  of d e n s e  s t r u c t u r e s ,  
an d  a n  in n e r  z o n e  c o n ta in in g  s i x  dark  b a n d s  s e p a r a t e d  from e a c h  
o th e r  by  l i g h t - c o l o r e d  a r e a s .
7 . C u t i c u l a r  t h i c k e n in g  of t h e  e s o p h a g e a l  lum en  w a l l  of _M. h a p l a , 
s e c o n d  s t a g e  l a r v a ,  w a s  e v id e n t  a n d  in  a d d i t i o n  t h e r e  w a s  a  pa i r  
of t o o t h - l i k e  c u t i c u l a r  t h i c k e n i n g s  a lo n g  bo th  s i d e s  of e ac h  lum en  
r a d i u s .  Each c u t i c u l a r  t h i c k e n i n g  w a s  c o m p o se d  of i n d iv id u a l  
p l a t e l e t s  a r r a n g e d  in  lo n g i tu d in a l  r o w s .
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